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FOREWORD 


The  fourth  volume  of  “Popular  Science  Talks”  is  issued  in 
compliance  with  many  requests  which  have  come  to  us  from 
various  sources.  In  addition  to  individual  orders,  requests  have 
come  from  public  libraries  and  from  schools,  where,  in  some  in¬ 
stances,  the  books  have  been  used  in  the  general  science  courses. 

The  lectures  which  constitute  the  volume  represent  the  effort 
of  the  Philadelphia  College  of  Pharmacy  and  Science  to  contribute 
to  the  educational  welfare  of  the  community  at  large  by  means  of 
popular  scientific  discussions. 

These  talks  were  delivered  to  large  audiences  by  members 
of  the  Faculty  of  the  institution  and  were  abundantly  illustrated 
by  experiments,  lantern  slides  and  specimens.  They  were  subse¬ 
quently  broadcast  in  abstract  form  from  several  Philadelphia 
radio  transmitting  stations. 

Given  in  a  form  which  is  simple  and  understandable  they  are 
of  particular  value  to  those  who  are  interested  in  scientific  sub¬ 
jects  in  general  and  they  are  not  without  value  to  persons  who 
are  technically  trained  along  particular  lines. 

The  program  of  the  series  of  lectures  for  the  present  season 
is  printed  at  the  end  of  the  volume. 
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THE  ROMANCE  OF  MEDICINES 
By  Charles  H.  LaWall,  Ph.  M.,  Sc.  D. 

“When  ’Omer  smote  ’is  bloomin’  lyre, 

He’d  ’eard  men  sing  by  land  an’  sea; 

An’  what  ’e  thought  ’e  might  require, 

’E  went  an’  took — the  same  as  me!” 

THE  WORLD’S  business  affairs  are  carried  on  in  these  times  in 
a  cold-blooded,  matter-of-fact  way,  and  at  a  breathless  rate  of 
speed.  The  world’s  scientific  progress  is  concerned  with  things  in¬ 
tangible,  yet  real,  and  is  developing  along 
lines  that  make  Jules  Verne  look  like  a 
timid  writer  with  a  dearth  of  imagination 
and  an  inferiority  complex. 

As  a  temporary  relief  from  the  stress 
and  turmoil  of  the  rapid  current  of  progress 
one  may  find  solace  in  the  quiet  havens  of  by¬ 
gone  literature.  In  many  easily  accessible 
“quaint  and  curious  volumes  of  forgotten 
lore”  are  found  scattered  fragments  of  fact 
and  fiction,  of  faith  and  credulity,  which  the 
finder  may  use  as  warp  and  woof  in  weaving 
a  pattern  of  romance  to  his  liking. 

The  city  of  Jena  is  the  starting  point  of  our  lecture  this  evening. 
Jena  is  a  university  town  of  less  than  30,000  population,  in  the  Saxe- 
Weimar.  There  are  many  greater  universities  than  that  of  Jena.  Its 
manufacturers  are  of  little  economic  importance.  Yet  Jena  has  had 
a  profound  influence  upon  the  world’s  history,  and  is  directly  con¬ 
cerned  with  the  romance  of  medicine. 

Its  university  was  founded  in  1558  by  the  sons  of  John  Freder¬ 
ick,  the  Magnanimous  of  Saxony.  During  the  period  controlled  by 
Duke  Charles  Augustus,  Goethe’s  patron  (1788-1805),  it  had  one  of 
the  most  brilliant  faculties  ever  assembled  in  one  group,  including 
Fichte,  Hegel,  Schelling,  Schlegel  and  Schiller.  In  1806  it  was  the 
scene  of  Napoleon’s  decisive  defeat  of  the  Prussian  army,  in  which 
the  Prussians  were  both  outnumbered  and  outgeneraled. 

Jena  was  the  first  place  where  optical  and  laboratory  glass  were 
successfully  produced,  and  the  influence  of  these  discoveries  upon 
scientific  progress  can  never  be  adequately  appreciated. 
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Jena  is  also  noted  as  having  been  the  birthplace  and  the  lifelong 
home  of  Ernst  Haeckel,  the  noted  biologist,  often  referred  to  as  the 
Huxley  of  Germany.  On  March  ist,  1837,  there  was  born  in  Jena 
a  child  who  was  destined  to  become  one  of  the  greatest  figures  of  all 
who  had  brought  renown  to  that  community.  George  Moritz  Ebers 
was  at  first  a  law  student  at  the  University  of  Gottingen,  but  during 
a  severe  illnes  which  occurred  during  his  student  career,  he  turned 
to  the  study  of  Oriental  languages. 

A  great  impetus  had  been  given  to  the  study  of  Egyptian  writ¬ 
ings  and  hieroglyphics  by  the  translation,  some  years  before,  of  that 
famous  slab  of  basalt  known  as  the  Rosetta  Stone.  This  ancient  stele 
had  been  discovered  by  Lieutenant  Boussard,  one  of  Bonaparte’s  engi¬ 
neers,  at  the  time  of  the  Napoleonic  occupation  of  Egypt,  and  had 
been  acquired  by  the  British  Museum,  where  it  lay  for  years  await¬ 
ing  a  translator.  Dr.  Young,  the  eminent  English  physicist,  gained 
the  first  clew  to  the  solution  of  the  mystery,  and  he  found  it  to  be  a 
trilingual  inscription  of  a  decree  of  the  priests  of  Memphis  con¬ 
ferring  divine  honors  upon  Ptolemy  V,  King  of  Egypt,  B.  C.  195. 

It  seems  strange  to  us  to  realize  that  an  inscription  from  a  date 
so  comparatively  recent  should  baffle  translators  for  so  long,  for  this 
monument  was  erected  more  than  a  century  after  the  death  of  Alex¬ 
ander;  but  we  must  remember  that  three  great  catastrophes  had 
deprived  the  world  of  the  major  portion  of  its  written  history  and 
lore.  The  first  of  these  was  when  Caesar’s  fleet  accidentally  set  fire 
to  Alexandria  and  burned  part  of  the  great  Ptolemaic  library  of 
more  than  400,000  scrolls  and  papyri  which  had  been  accumulated 
from  the  time  of  the  foundation  of  that  noted  city  by  Alexander,  who 
had  been  guided  and  stimulated  by  his  teacher,  Aristotle. 

The  second  was' when  the  Archbishops  Theophilus  and  Cyril  in¬ 
stigated  the  sacking  and  pillaging  of  this  seat  of  learning  by  the 
Christian  zealots  of  the  fifth  century.  Those  who  have  read  Kingsley’s 
Hypatia  will  remember  the  part  that  Cyril  plays  in  the  brutal  murder 
of  the  fair  Greek  scholar. 

The  third  was  in  the  sixth  century  when  Amru,  the  Arabian 
conqueror,  reported  to  his  commanding  officer,  the  Caliph  Omar,  that 
he  had  captured  a  city  of  4000  palaces,  4000  baths,  400  theatres,  and 
a  great  library,  and  wished  to  know  what  to  do  with  the  volumes 
in  the  latter.  Omar’s  reply  has  echoed  down  the  centuries  as  an  ex¬ 
emplification  of  intolerance  and  bigotry.  He  said,  “If  the  books  agree 
with  the  Koran  they  are  unnecessary;  if  they  are  contrary  to  its 
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teachings,  they  are  bad;  destroy  them.”  It  is  stated  that  the  volumes 
were  used  as  fuel  for  the  public  baths  and  provided  heat  for  more 
than  six  months. 

Thus  it  will  be  seen  that  pagan,  Christian  and  Moslem  each  had 
a  share  in  depriving  the  world  of  the  accumulated  knowledge  of  the 
ancients. 

Ebers  entered  upon  the  subject  of  Egyptology  with  enthusiasm, 
and  at  the  age  of  thirty-one  held  the  professorship  in  that  subject  at 
the  University  of  Jena.  In  1869  he  made  an  exploration  tour  through 
Europe  and  the  Near  East  and  upon  his  return  accepted  a  professor¬ 
ship  in  the  University  of  Leipzig,  which  he  held  until  his  death. 

There  are  several  kinds  of  Oriental  savants  and  archeologists 
(or  official  grave  robbers,  as  their  fellow  faculty  members  sometimes 
jokingly  call  them).  Ebers  was  one  of  the  kind  (alas,  too  rare)  who 
had  a  keen  desire  to  popularize  the  knowledge  that  he  had  gained 
through  his  laborious  researches.  In  1864  he  wrote  a  novel  called 
“The  Egyptian  Princess,”  the  scenes  and  incidents  of  which  were 
laid  in  the  sixth  century  B.  C.  in  Egypt  and  Arabia.  In  1877  he  fol¬ 
lowed  with  what  is  probably  his  best  known  Egyptian  novel,  “Uarda,” 
which  gives  a  picture  of  Egypt  during  the  time  of  Rameses. 

In  1872  Professor  Ebers  was  spending  the  winter  in  Egypt,  mak¬ 
ing  his  headquarters  in  Thebes.  An  Arab  from  Luxor,  one  of  the 
unofficial  “grave  robbers,”  came  to  him  with  some  papyri  and  relics 
to  sell.  The  first  installment  of  these  was  of  no  value  and  Ebers 
did  not  accept  them.  The  Arab  later  appeared  with  a  papyrus  which 
he  claimed  to  have  discovered  fourteen  years  previously  in  a  mummy 
case  in  a  Theban  tomb.  This,  in  Ebers’  opinion,  was^  genuine,  and 
he  purchased  it  and  took  it  back  to  Germany,  where  its  authenticity 
was  confirmed  by  other  authorities.  It  was  found  to  be  concerned 
entirely  with  the  medicine  and  pharmacy  of  that  early  period. 

This  scroll  was  wrapped  in  mummy  cloth  and  packed  in  a  metal 
case.  It  is  of  yellow-brown  papyrus  in  a  single  roll  about  one  foot 
wide  and  over  sixty  feet  long.  It  is  divided  into  over  one  hundred 
sections,  each  separately  numbered.  The  writing  is  mostly  in  black 
ink,  with  heads  of  sections  and  weights  and  measures  written  in  red. 
Opposite  some  of  the  formulas  is  the  comment  “Good,”  written  in 
paler  ink,  probably  by  some  ancient  physician-pharmacist  who  used 
it  as  a  compounding  guide. 

This  is  the  celebrated  “Papyrus  Ebers,”  one  of  the  most  ancient 
medico-pharmaceutical  manuscripts  on  record.  It  dates  from  about 
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1552  B.  C.,  which  is  about  the  time  that  Moses  was  tending  the 
flocks  of  Jethro  the  Midianite  on  the  edge  of  the  Lybian  Desert. 
There  is  one  older  medical  papyrus,  the  Edwin  Smith  Papyrus,  which 
is  said  to  antedate  that  of  Ebers  by  about  100  years,  but  concerning 
which  little  has  been  published. 

It  may  be  of  interest,  in  passing,  to  note  that  one  of  the  oldest 
papyri  extant,  is  known  as  the  “Papyrus  Prisse,”  named  after  its  dis¬ 
coverer,  who  also  procured  it  at  Thebes  and  deposited  it  at  the  Na¬ 
tional  Library  at  Paris.  The  Papyrus  Prisse  is  about  300  years  older 
than  the  Papyrus  Ebers,  dating  from  about  the  time  when  Abraham 
was  about  to  offer  up  his  son  Isaac  as  a  sacrifice.  Its  subject  matter 
is  not  medical,  but  it  is  concerned  with  a  complaint  and  a  warning 
about  the  degeneracy  of  the  manners  and  the  decadence  of  man  in 


A  Prescription  from  Ebers  Papyrus. 


comparison  with  the  good  old  times  of  former  generations !  0  tem- 

pora,  0  mores. 

The  Ebers  Papyrus  is  claimed  by  some  scholars  to  be  one  of 
the  missing  six  books  of  Thoth,  who  is  better  known  as  Hermes  Tris- 
megistus,  the  reputed  Father  of  Alchemy.  To  Hermes  the  Egyptians 
ascribed  forty-two  books,  six  of  which  were  upon  medical  subjects,  and 
one  of  these  six  was  upon  pharmacy  and  materia  medica.  (This 
may  be  the  Papyrus  Ebers.)  The  Egyptian  physician  had  to  memo¬ 
rize  these  six  medical  books  of  Thoth.  If  he  followed  explicitly  the 
rules  and  prescriptions  given  therein,  he  was  held  blameless  if  the 
patient  died,  but  if  the  physician  was  found  to  have  deviated  from 
the  official  procedure,  he  was  put  to  death. 

Some  of  this  lore  was  attributed  to  Hermes  and  some  to  Enoch, 
the  patriarch  “who  walked  with  God  and  was  not.”  It  will  be  remem¬ 
bered,  too,  that  Alexander  the  Great  is  reputed  to  have  discovered 
the  tomb  of  Hermes  with  all  its  treasures,  and  especially  an  emerald 
tablet  upon  which  was  graven  great  chemical  secrets.  Thoth  or 
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Hermes  is  supposed  to  have  been  the  teacher  of  Osiris  and  Isis,  who 
in  turn  were  the  instructors  of  Aesculapius  in  the  healing  art. 

We  have  started  at  Jena  in  the  last  century,  and  annihilating  both 
time  and  space,  find  ourselves  in  ancient  Egypt  of  3500  years  ago. 
When  we  consider  the  facts  obtained  from  this  document  of  a  bygone 
age,  we  are  amazed  at  the  advanced  state  of  the  pharmacy  and  medi¬ 
cine  at  that  time.  More  than  700  drugs  are  named,  many  of  which 
are  identical  with  the  drugs  used  in  the  prescriptions  of  modern  medi¬ 
cal  practice.  One  difficulty  which  the  translator  of  these  ancient  writ¬ 
ings  encounters  is  that  of  identifying  the  substances  which  are  men¬ 
tioned,  for  many  of  them  were  represented  by  symbolical  names,  a 
good  number  of  which  have  never  been  recognized  as  applying  to 
modern  substances.  Thus  the  “Plant  of  Osiris”  was  the  ivy;  “Tears 
of  Isis”  has  been  identified  as  vervain;  the  “Blood  of  Thoth”  was 
saffron;  the  “Eye  of  Typhon”  was  squill;  the  “Blood  of  Isis”  was 
the  juice  of  the  dill  plant,  and  the  seeds  of  the  same  plant  were  called 
the  “Hair  of  Kynocephalus” ;  wormwood  was  called  the  “Heart  of 
Bubastis.”  It  is  of  importance  to  remember  that  no  concentrated 
preparations  such  as  fluid  extracts  or  tinctures,  such  as  the  modem 
pharmacist  uses,  with  alcohol  as  a  solvent,  had  yet  appeared,  for  the 
art  of  distillation  did  not  develop  until  the  Arabian  period  two  thou¬ 
sand  years  later.  The  solvents  other  than  water  which  were  used  in 
preparing  liquid  remedies  were  wine,  beer,  oil,  and  vinegar.  Among 
the  more  important  of  the  vegetable  drugs  were  aloes,  anise,  castor 
oil,  calamus,  cumin,  caraway,  coriander,  colchicum,  cedar,  dates,  dill, 
elderberries,  figs,  frankincense,  fennel,  gentian,  grapes,  henbane, 
honey,  juniper  berries,  lotus  flowers,  linseed,  mandragora,  mastic, 
myrrh,  opium,  onions,  peppermint,  poppy,  saffron,  squill,  storax, 
and  wormwood. 

The  mineral  substances,  mainly  used  externally,  were  precious 
stones,  iron,  lead,  magnesia,  nitre,  vermilion,  blue  vitriol,  white  lead, 
salt  and  crude  sodium  carbonate. 

The  animal  drugs  were  represented  in  part  by  asses’  hoofs,  animal 
fats  from  various  sources,  goose  grease,  lizards’  blood,  swine’s  teeth, 
putrid  meat,  moisture  from  pigs’  ears,  milk,  and  excreta  of  man  and 
many  animals,  even  of  flies. 

Can  you  imagine  the  apothecary  of  today  collecting  flyspecks  to 
compound  a  prescription?  Shades  of  Ammon  Ra  and  other  ancient 
deities,  preserve  us !  This  drug  was  used  as  an  infant  anodyne,  and 
was  compounded  with  the  seeds  of  an  unidentifiable  plant  to  produce 
the  prototype  of  the  remedy  that  “babies  cry  for.” 
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Some  of  the  prescriptions  of  the  Ebers  Papyrus  were  fairly 
simple.  As  purges,  there  were  recommended  a  combination  of  milk, 
yeast,  and  honey,  or  pills  compounded  of  honey,  wormwood,  and 
onion.  From  the  mildness  of  these  we  are  impelled  to  the  conclusion 
that  the  ancient  Egyptians  were  not  victims  of  chronic  constipation. 
In  this  connection  we  are  reminded  of  the  fact  that  the  Egyptians  of 
that  time  believed  that  most  illness  was  caused  by  overeating,  and  three 
days  in  each  month  were  devoting  to  fasting  and  purging,  in  order 
to  counteract  the  ill  effects  of  traveling  through  life  by  the  “gorge 
route.” 

For  headache,  there  was  a  prescription  calling  for  frankincense, 
cumin,  u’an  berries  (unidentifiable),  and  goose  grease,  to  be  boiled 
together  and  applied  externally.  Again  the  impelling  thought — were 
there  no  real  “Katzen jammers”  in  the  days  of  King  Tut?  One  head¬ 
ache  remedy  which  was  used  for  noble  patients,  and  attributed  to 
divine  origin,  Isis  having  prescribed  it  for  Ra’s  headache,  contained 
coriander,  wormwood,  juniper,  honey,  and  opium.  This  would  prob¬ 
ably  be  effective — permanently  so,  if  enough  were  taken.  Another 
vagrant  thought — were  headaches  the  prerogative  of  the  gods  and 
the  nobility? 

As  a  prescription  for  a  tonic,  there  was  recommended  a  prepara¬ 
tion  made  by  compounding  figs,  Assyrian  plums,  grapes,  frankincense, 
cumin,  wine,  beer,  yeast,  and  goose  grease.  If  we  were  to  leave  out 
the  goose  grease,  and  mix  the  remaining  ingredients  in  such  a  way  as 
to  allow  certain  natural  changes  to  take  place,  this  tonic  might  even 
be  popular  at  the  present  time. 

A  prescription,  annotated  as  having  been  prepared  for  Schesch 
(a  queen  of  the  third  dynasty)  consisted  of  equal  parts  of  the  heel 
of  an  Abyssinian  greyhound,  date  blossoms,  and  asses’  hoofs,  all 
boiled  together  in  oil.  This  was  for  the  purpose  of  making  the  hair 
grow.  We  wonder  if  Cleopatra  used  this  as  part  of  her  campaign 
for  the  hearts  of  her  Roman  callers. 

A  remedy  for  baldness  was  prepared  from  a  mixture  of  the  fat 
of  the  horse,  the  crocodile,  the  cat,  the  snake,  and  the  ibex.  The 
large  number  of  bald  men  today  is  probably  accounted  for  by  their 
inability  to  procure  this  remedy. 

The  ancient  Egyptian  apothecary  must  have  carried  a  full  line 
of  vermifuges,  for  the  Ebers  scroll  contains  formulas  for  remedies 
against  hookworms,  tapeworms,  seatworms,  and  intestinal  worms. 

The  pharmacists  of  the  time  of  Rameses  were  called  upon  to 
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supply  infusions,  decoctions,  confections,  inhalations,  insufflations, 
gargles,  injections,  pills,  powders,  triturations,  salves,  plasters,  and 
poultices.  They  performed  the  operations  of  weighing,  measuring, 
macerating,  filtering  and  straining. 

A  perfume  called  Kyphi,  made  in  the  times  of  the  Pharaohs, 
from  juniper  berries,  myrrh,  frankincense,  cypress  wood,  aloes  wood, 
calamus,  mastic,  and  storax,  was  handed  down  through  the  writings 
of  Dioscorides  to  later  times,  and  was  used  in  religious  observances 
within  comparatively  recent  times  in  Europe. 

Polypharmacy,  or  the  prescribing  of  numerous  drugs  in  the 
same  prescription  or  preparation,  probably  had  its  inception  in  periods 
far  remote  even  from  that  in  which  the  Ebers  Papyrus  was  written. 
One  poultice  contained  thirty-five  ingredients ;  other  prescriptions 
contained  nearly  as  many.  This  procedure,  which  was  founded  on  a 
belief  that  a  drug  gained  in  power  when  prescribed  in  combination, 
instead  of  being  merely  diluted  in  its  effect,  had  an  influence  on  the 
practice  of  medicine,  and  the  compound  preparations  of  pharmacy, 
which  reached  its  zenith  of  popularity  between  two  and  three  hun¬ 
dred  years  ago,  and  has  not  yet  entirely  disappeared  from  medical 
practice. 

Some  of  the  pharmaceutical  procedures  were  very  complicated, 
as  illustrated  by  a  remedy  for  stomach  trouble.  Several  seeds  and 
herbs  were  first  directed  to  be  pulverized  and  mixed  together.  Then 
seven  stones  were  to  be  heated  over  a  fire.  When  the  stones  had 
become  hot  the  powder  was  to  be  sprinkled  on  each  one  in  turn.  The 
stones  and  smouldering  powder  were  then  to  be  covered  with  an 
inverted  pot  with  a  small  hole  in  the  bottom.  To  this  hole  a  hollow 
reed  was  attached  and  the  vapor  was  to  be  inhaled  by  the  patient. 

The  question  as  to  whether  the  gods  and  goddesses  of  the  early 
Egyptians,  and  even  later,  of  the  Greeks  and  Romans,  were  purely 
mythical  or  whether  the  myths  that  had  developed  about  them  were 
based  upon  real  persons  originally,  has  puzzled  many  historians. 
Cicero,  the  noted  Roman  statesman  of  the  first  century,  whose  opinion 
is  certainly  worth  something,  gave  credence  to  the  latter  view  in  the 
statement  that  ‘fit  was  a  well  established  custom  among  the  ancients 
to  deify  those  who  had  rendered  to  their  fellow  men  important  serv¬ 
ices,  as  Hercules,  Castor  and  Pollux,  Aesculapius,  Bacchus,  and  many 
others  had  done.”  Apropos  of  this  subject,  several  interesting  in¬ 
scriptions  have  been  found  engraved  upon  two  columns  discovered  in 
the  City  of  Nyoa,  Arabia.  They  refer  to  Osiris  and  Isis,  the  reputed 
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founders  of  medicine  and  pharmacy.  On  the  first  column  is  this : 
“My  father  is  Cronos,  the  youngest  of  all  the  gods.  I  am  King  Osiris, 
who  have  visited  with  my  armies  every  country  on  the  face  of  the 
earth — the  remotest  inhabitable  parts  of  India,  the  regions  lying 
beneath  the  Bear,  the  neighborhood  of  the  shores  of  the  Danube, 
and  the  shores  of  the  ocean.  I  am  the  eldest  son  of  Cronos,  the 
scion  of  a  fine  and  noble  race.  I  am  related  to  the  day.  There  is  no 
part  of  the  earth  that  I  have  not  visited,  and  I  have  filled  the  entire 
universe  with  my  benefits.” 

On  the  second  column :  “I  am  Isis,  Queen  of  all  this  country, 
and  I  have  been  taught  by  Thoth  (Hermes).  There  is  nobody  who 
has  the  power  to  loosen  what  I  shall  bind.  I  am  the  oldest  daughter 
of  Cronos,  the  youngest  of  the  gods.  I  am  the  wife  and  at  the 
same  time  the  sister  of  King  Osiris.  To  me  is  due  the  credit  of 
having  been  the  first  to  teach  men  agriculture.  I  am  the  mother  of 
King  Horus.  I  shine  in  the  Dog  Star.  It  is  I  who  built  the  City  of 
Bubastis.  Farewell,  Egypt,  my  native  land.” 

Bubastis  was  a  Nile  city,  the  holy  city  of  the  Egyptian  goddess 
Bast,  whose  sacred  animal  was  the  cat. 

Isis  has  been  identified  with  Io  of  the  Greeks,  with  the  goddess 
Mut  of  Thebes,  and  Sekhet  of  Bubastis.  She  has  been  called  Hathor 
by  the  Egyptians,  Aphrodite  by  the  Greeks,  and  Astoreth  by  the  Baby¬ 
lonians.  All  that  was  good  and  beautiful  among  men  was  believed 
to  come  from  her ;  she  watched  over  the  birth  of  children  and  rocked 
the  cradle  of  the  Nile.  As  the  goddess  Neit  she  was  the  originator 
of  weaving  and  other  feminine  arts. 

The  prescriptions  of  the  Ebers  and  other  ancient  Egyptian 
papyri  were  usually  to  be  accompanied  with  invocations  or  prayers. 
Sometimes  these  invocations  were  to  be  repeated  by  the  compounder 
when  preparing  the  medicine.  One  of  these  is  as  follows  : 

“As  it  shall  be  a  thousand  times.  This  is  the  book  of  healing 
of  all  sicknesses.  That  Isis  may  make  free,  make  free.  May  Isis 
heal  me  as  she  healed  Horus  of  all  pains  which  his  brother  Set  had 
done  to  him  who  killed  his  father  Osiris.  Oh,  Isis,  thou  great 
magician,  heal  me  and  save  me  from  all  wicked,  frightful,  and  red 
things,  from  demoniac  and  deadly  diseases  and  illnesses  of  every 
kind.  Oh,  Ra.  Oh,  Osiris.” 

The  following  form  was  to  be  used  by  the  patient  when  taking 
a  remedy:  “Come  remedy,  come  drive  it  out  of  this  my  heart,  out 
of  these  my  limbs ;  oh,  strong  magic  power  with  the  remedy.” 
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1.  Prescription  Signature  from  Paris  Pharmacologia  (Published  a  century  ago). 

2  and  3.  Symbols  from  Seventeenth  Century  Pharmacopoeia. 

4.  Formula  for  Theriac  from  a  Seventeenth  Century  Pharmacopoeia. 

5.  Page  from  a  Seventeenth  Century  Pharmacopoeia,  showing  astrological  sign  of 
Jupiter  preceding  all  prescriptions. 
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We  find  invocations  and  prayers  used  as  adjuncts  to  the  prac¬ 
tice  of  medicine  even  down  to  the  present  time.  One  celebrated 
liniment  of  a  few  hundred  years  ago  was  directed  to  be  applied  with 
the  accompaniment  of  certain  psalms  or  prayers.  These,  however, 
had  been  selected  so  as  to  control  the  time  of  the  rubbing  within 
certain  specified  limits,  to  ensure  uniformity  and  thoroughness  of 
effect. 

It  will  surprise  many  who  have  not  studied  the  history  of 
symbolism  in  pharmacy  and  chemistry  to  learn  that  the  abbreviation 
“IJ”  placed  at  the  head  of  prescriptions,  and  which  is  in  part  an 
abbreviation  of  the  Latin  mandatory  word  “Recipe”  (take  thou  of),  is 
also  in  part  an  invocation  to  Jupiter.  Illustrations  from  ancient 
books  confirm  this  undoubted  association. 

According  to  Dr.  Otto  A.  Wall,  who  made  a  comprehensive 
study  of  this  subject,  the  astrological  sign  was  introduced  into  medi¬ 
cine  by  the  physician  Krinas  during  the  reign  of  Nero  in  the  time 
of  the  fiercest  persecutions  of  the  Christians,  and  it  was  probably 
used  by  physicians  to  indicate  their  conformity  with  the  State  reli¬ 
gion,  for  during  Nero’s  time  Christians  were  forbidden  to  practice 
medicine,  and  as  late  as  the  fourth  century,  in  the  reign  of  Julian, 
no  Christian  teacher  was  tolerated  in  the  medical  schools. 

It  is  interesting,  in  this  connection,  to  know  that  the  word 
“crucible”  derives  its  name  from  the  crux  or  cross  with  which  the 
pious  alchemists  of  the  monastery  laboratories  of  the  later  Christian 
era  marked  the  vessel  in  which  they  heated  substances  to  a  high 
temperature.  Indeed  the  symbolism  of  pharmacy  constitutes  one  of 
its  most  fascinating  and  little  studied  chapters,  and  illustrations  are 
given  from  two  sixteenth  century  works  showing  the  extensiveness 
with  which  symbols  were  used. 

The  materia  medica  and  pharmacy  of  the  Egyptians,  upon  which 
we  have  spent  considerable  time,  is  in  no  wise  different  from  the 
practice  of  the  Mesopotamians,  Hindus  or  Chinese,  all  of  whom  have 
interesting  records  of  a  similar  nature.  The  pharmacy  and  medicine 
of  the  early  Greeks  was  undoubtedly  influenced  by  Egyptian  materia 
medica  and  Babylonian  astrology,  for  according  to  Virgil’s  Aeneid : 

“Next  she  sprinkles  round  with  feigned  Avernian  Drops,  the 
hallowed  ground ; 

Culled  hoary  simples  found  by  Phoebe’s  light,  with  brazen 
sickles  reaped  at  noon  of  night ; 

Then  mixes  baleful  juices  in  a  bowl.” 
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In  the  Iliad,  Homer  refers  to  Chiron  as  the  originator  of  phar¬ 
macy,  in  two  places.  In  the  first  place  when  Machaeon  cures  Mene- 
laus : 

“Then  sucked  the  blood  and  sovereign  balm  infused, 

Which  Chiron  gave  and  Aesculapius  used.” 

and  later  where  Patroclus  treated  the  wound  of  Eurypylus  and  is 
requested  by  the  latter  to 

“With  lukewarm  water  wash  the  gore  away. 

With  healing  balms  the  raging  smart  allay, 

Such  as  sage  Chiron,  sire  of  pharmacy, 

Once  taught  Achilles,  and  Achilles  thee.” 


^  4=e&, a=v' 


Various  Symbols  used  for  Jupiter  and  also  as  prescription  headings  in  some  cases. 


Whereupon  Patroclus  proceeds  as  follows : 

“Then  in  his  hand  a  bitter  root  he  bruised; 

The  wound  he  washed,  the  styptic  juice  infused, 

The  closing  flesh  that  instant  ceased  to  glow, 

The  wound  to  torture  and  the  blood  to  flow.” 

Chiron,  according  to  the  Greeks,  instructed  Achilles,  Jason, 
Aesculapius,  Odysseus  and  others  in  the  art  of  using  drugs.  Chiron, 
in  turn,  had  been  taught  by  Apollo  and  Diana.  At  Chiron’s  death  he 
was  translated  by  Jupiter  to  a  position  among  the  constellations  and 
we  know  him  as  Saggitarius,  the  archer. 

Other  quotations  of  interest  in  this  connection,  from  Virgil,  are 
as  follows : 

Where  Hippolytus  is  restored  to  life,  with  the  result  that  Aescula¬ 
pius  was  killed  by  a  thunderbolt  from  Jove : 
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“But  chaste  Diana,  who  his  death  deplored, 

With  Aesculapian  herbs  his  life  restored; 

When  Jove  who  saw  from  high  with  just  disdain, 

The  dead  inspired  with  vital  breath  again, 

Struck  to  the  center  with  his  flaming  dart, 

The  unhappy  founder  of  the  godlike  art.” 

And  also  where  Aeneas,  having  been  severely  wounded,  is  first 
treated  by  Patroclus  without  avail  and  is  later  cured  by  the  unseen 
art  of  Venus  herself: 

“The  famed  physician  tucks  his  robes  around 
With  ready  hand  and  hastens  to  the  wound. 

With  gentle  touches  he  performs  his  art, 

This  way  and  that  soliciting  the  dart, 

And  exercises  all  his  heavenly  art. 

All  softening  simples  known  of  sovereign  use 
He  presses  out,  and  pours  their  noble  juice; 

These  first  infused  to  lenify  the  pain, 

He  tugs  with  pincers,  but  he  tugs  in  vain. 

Then  to  the  patron  of  his  art  he  prayed ; 

The  patron  of  his  art  refused  his  aid. 

But  now  the  goddess  Mother,  moved  with  grief, 

And  pierced  with  pity,  hastens  her  relief ; 

A  branch  of  healing  dittany  she  brought, 

Which  in  the  Cretan  fields  with  care  she  sought ; 

Rough  is  the  stem,  which  woolly  leaves  surround, 

The  leaves  with  flowers,  the  flowers  with  purple  crowned, 

Well  known  to  wounded  goats,  a  sure  relief 
To  draw  the  pointed  steel  and  ease  the  grief. 

This  Venus  brings  in  clouds  involved,  and  brews 
The  extracted  liquor  with  ambrosian  dews ; 

And  odorous  panacea;  unseen  she  stands 
Tempering  the  mixture  with  her  heavenly  hands, 

And  pours  it  in  a  bowl  already  crowned 

With  juice  of  medicinal  herbs  prepared  to  bathe  the  wound. 

The  leech,  unknowing  of  superior  art, 

With  this  foments  the  part,  which  aids  the  cure, 

And  in  a  moment  ceased  the  raging  smart ; 

Stanched  is  the  blood,  and  in  the  bottom  stands ; 

The  steel,  but  scarcely  touched  with  tender  hands 
Moves  up  and  follows  of  its  own  accord, 

And  health  and  vigor  are  at  once  restored.” 
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The  question  of  who  wrote  the  first  prescription,  or  who  com¬ 
pounded  it,  can  never  be  definitely  decided.  The  first  prescriber  was 
probably  the  first  compounder  as  well,  for  medicine  and  pharmacy 
are  coeval,  and  their  historical  development  has  been  practically 
synonymous  until  within  the  past  few  hundred  years,  which  consti¬ 
tutes  but  an  insignificant  fraction  of  their  joint  recorded  history. 
The  oldest  prescription  on  record  is  one  on  exhibition  in  the  Egyptian 
Collection  at  the  Metropolitan  Museum  in  New  York.  It  is  for  a 
throat  affection,  and  is  written  on  stone,  in  ink  by  the  use  of  a  brush. 
It  was  unusual  for  the  Egyptians  to  write  upon  stone  in  this  manner, 
but  we  are  informed  by  one  of  the  authorities  who  has  studied  it,  that 
this  was  probably  a  copy  of  a  prescription  given  to  the  patient  to 
be  carried  with  him  on  a  journey. 

The  Babylonian  records  are  all  written  upon  clay  tablets  in  the 
cuneiform  or  wedge-shaped  characters.  The  ancient  records  of  Baby¬ 
lonia,  India,  and  Persia,  are  much  like  those  of  Egypt  in  regard  to 
the  practice  of  medicine  and  pharmacy.  It  would  be  about  as  diffi¬ 
cult  for  a  modern  pharmacist  to  compound  one  of  the  ancient  Egyp¬ 
tian  or  Babylonian  recipes  as  it  would  be  for  an  ancient  Egyptian 
apothecary  to  compound  a  prescription  written  by  a  modern  physician. 

What  are  the  oldest  compounded  medicines  that  have  come  down 
to  us  out  of  the  past?  Probably  the  best  known  of  these  is  no  longer 
used  exclusively  as  a  medicine,  although  its  Roman  originator  had 
great  faith  in  its  remedial  properties.  It  is  the  Rosewater  Ointment 
of  the  Pharmacopoeia,  better  known  to  the  public  as  “cold  cream.” 
The  formula  for  this  was  proposed  by  Galen,  commonly  called  Clau¬ 
dius  Galen,  although  he  does  not  appear  to  have  had  a  first  or  given 
name  until  the  time  of  the  Italian  renaissance,  about  fourteen  centuries 
after  his  death  in  the  second  century  A.  D.  Galen  probably  evolved 
this  preparation  while  in  charge  of  the  health  of  the  gladiators,  for  he 
w~as  the  official  physician  to  these  athletic  contestants  for  many  years. 

Although  Galen,  who  was  a  great  physician-pharmacist  of  his 
time,  wrote  many  books  and  described  many  drugs  and  their  prepara¬ 
tion,  this  is  the  only  one  of  the  latter  class  that  has  come  down  to  us 
practically  unchanged. 

Another  medicinal  preparation,  less  known  popularly,  has  had 
an  older  continuous  history.  It  is  the  Powder  of  Aloes  and  Canella 
of  the  National  Formulary,  called  Hiera  Pier  a,  which  literally  trans¬ 
lated  means  “sacred  bitters.”  The  earliest  formula  for  this  dates  from 
about  500  B.  C.,  and  was  recorded  by  Themison  of  Laodicea,  a 
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physician-pharmacist  who  practiced  in  Rome  at  about  that  period. 
The  word  “Hiera”  was  used  generically  to  describe  a  number  of 
variants  of  a  formula  which  usually  contained  aloes  as  the  dominant 
ingredient,  modified  or  disguised  with  aromatics.  These  Hieras  were 
originated  by  physicians  who  used  and  sold  them  as  secret  nostrums, 
without  divulging  their  composition. 

One  of  the  most  noted  of  these  was  the  Hiera  originated  by 
Antonius  Pachius  shortly  after  the  beginning  of  the  Christian  Era. 
It  had  such  a  vogue  and  acquired  such  a  reputation  that  it  is  related 
by  Scribonius  Largus,  physician  to  the  Emperor  Tiberius,  that  large 
sums  of  money  were  offered  to  the  originator  of  the  formula. 

Pachius  kept  his  formula  a  secret  until  his  death,  after  which 
the  Emperor  had  his  effects  seized  and  his  library  searched  to  see  if 
the  recipe  could  be  found.  It  was  finally  discovered  in  a  manuscript 
which  Pachius  had  dedicated  to  the  Emperor  himself.  Tiberius 
handed  the  formula  to  Scribonius  with  instructions  that  it  be  pub¬ 
lished  and  preserved.  It  was  found  to  contain  colocynth  or  bitter 
apple  in  place  of  the  commonly  used  aloes. 

Other  Hieras  which  appeared  during  the  succeeding  centuries 
were  those  of  Logadius,  of  Archigenes,  of  Theodoretus,  of  Galen,  of 
Alexander,  of  Tralles,  of  Rufus,  of  Justus,  of  Mesue,  of  Hermes,  of 
Rhazes,  and  of  Constantine.  Many  of  these  were  originally  intro¬ 
duced  as  panaceas,  or  cure-alls,  administered  for  every  ill,  from  lep¬ 
rosy  to  chronic  constipation.  The  Arabs  made  one  into  pills  which 
were  used  against  the  plague,  and  were  known  as  Pilulae  Pestilentiales 
in  the  tenth  century  A.  D.  In  the  early  editions  of  the  Edinburgh 
Pharmacopoeia  in  the  seventeenth  century,  these  pills  were  known  as 
Pilulae  Communis  (common  pills),  and  were  the  forerunners  of  the 
present  day  compound  cathartic  pills. 

The  present  official  Hiera  Picra  is  very  much  simplified  in  form, 
but  we  find  that  true  of  many  of  the  older  medicines,  the  name  having 
been  retained  in  many  cases  for  preparations  which  contain  but  a 
small  fraction  of  the  original  number  of  ingredients. 

We  must  take  the  time  to  discuss  briefly  the  use  of  the  earths  in 
medicine,  although  they  are  not  prepared  medicines  but  are  materials 
of  natural  origin.  The  most  noted  of  these  is  Terra  Sigillata,  which, 
literally  translated,  means  “the  earth  whose  authenticity  is  established 
by  a  seal.”  There  were  many  earths  described  by  Dioscorides,  which 
were  reputed  to  have  different  properties,  according  to  their  origin. 
These  earths  were  natural  forms  of  clays,  of  absorbent  properties 
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similar  to  kaolin  and  other  clays  recognized  by  the  pharmacopoeias  of 
today.  Galen  describes  with  much  detail  the  preparation  of  the  earth 
as  carried  out  in  the  island  of  Lemnos  in  the  first  century  A.  D.  The 
earth  was  dug  with  great  ceremony  on  one  particular  day  of  the 
year  only.  The  pit,  which  had  been  kept  closed  and  guarded  during 
the  remainder  of  the  year,  was  opened  with  solemn  rites  by  the 
priests  on  the  6th  day  of  August,  six  hours  after  sunrise.  A  quantity 
of  the  earth  was  taken  out,  estimated  to  meet  the  needs  of  the  year. 
It  was  carefully  washed,  dried  and  then  molded  into  small  blocks, 
each  of  which  was  imprinted  with  the  seal  of  the  Grand  Signior  and 
sent  to  Constantinople  for  distribution.  The  earth  was  for  centuries 
the  monopoly  of  the  Sultan  of  Turkey,  and  the  penalty  of  death  was 
attached  to  opening  the  pit  on  any  other  than  the  appointed  day.  At 
one  time  it  was  said  that  the  figure  of  Artemis  or  her  symbol,  the  goat, 
appeared  upon  the  tablets,  and  this  led  to  the  belief  that  the  earth 
was  compounded  with  goat’s  blood  during  its  preparation.  Galen 
contradicts  this  statement  in  his  account  of  the  subject. 

Other  “sealed"  earths  were  known  besides  that  coming  from 
Lemnos.  Terra  Mellitea  came  from  Malta  and  was  used  especially 
for  the  bites  of  serpents.  This  earth  bore  the  effigy  of  St.  Paul  on 
each  tablet,  as  St.  Paul  was  credited  with  having  blessed  the  earth 
of  this  island  upon  landing  there.  Terra  Portugallica  came  from 
Portugal  and  was  stamped  with  the  figure  of  a  rose.  Terra  Ger- 
manica  or  Terra  Strigensis,  from  Strigonium  in  Hungary,  bore  a 
design  of  mountain  peaks  and  crosskeys.  The  Lemnian  earth  later 
bore  Arabic  (Turkish)  designs. 

Dr.  Herman  Schelenz,  the  eminent  German  historian  of  phar¬ 
macy,  states  that  the  imprints  on  these  various  forms  of  Terra  Sigil- 
lata  were  the  earliest  form  of  trademark  and  that  the  trademark 
really  originated  from  this  source. 

Terra  Sigillata  was  most  highly  esteemed  as  an  antidote  for 
poisons.  Several  curious  records  of  trials  of  its  efficacy  were  dis¬ 
covered  among  some  sixteenth  century  German  archives.  In  one  of 
these  experiments  were  made  upon  dogs,  and  in  the  other  upon  a 
condemned  criminal,  whose  life  was  spared  after  a  deadly  potion 
had  been  given  him  in  connection  with  this  antidote.  The  accused 
took  a  drachm  and  a  half  of  corrosive  sublimate  mixed  with  conserve 
of  roses,  followed  by  a  drachm  of  Terra  Sigillata  Germanica,  in  old 
wine.  Although  the  prisoner  was  made  very  ill,  he  eventually  re¬ 
covered  and  was  set  free. 
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One  of  the  most  important  factors  in  the  development  of  the 
many  complex  medicines  which  are  noteworthy  in  the  pharmaceutical 
literature  of  the  early  Roman  period  and  the  pharmacopoeias  of  the 
fifteenth,  sixteenth  and  seventeenth  centuries,  was  the  quest  for  a 
universal  antidote,  alexiteric,  or  alexipharmic,  from  alexion,  to  re¬ 
pulse,  and  theria,  a  wild  beast,  or  pharmakon ,  a  poison.  The  most 
noted  of  these  and  the  prototype  of  many  of  its  class  was  the  Con- 
fectio  Mithridate  of  the  first  century  B.  C. 

It  will  be  remembered  by  many  that  Mithridates  VI,  King  of 
Pontus,  lived  in  such  deadly  apprehension  of  being  poisoned,  that 
he  experimented  not  only  upon  condemned  criminals  in  his  realm, 
but  took  poisons  and  antidotes  himself  so  frequently  that  he  developed 
a  degree  of  immunity  which  was  his  own  undoing.  He  was  defeated 
by  Pompey,  and  in  order  to  avoid  falling  into  the  hands  of  his  con¬ 
queror,  Mithridates  attempted  to  commit  suicide  by  taking  poison. 
Either  he  had  taken  an  insufficient  quantity  or  he  had  developed  im¬ 
munity  to  that  particular  poison,  for  he  had  to  command  one  of  his 
attendants  to  kill  him  with  his  sword.  Pompey  searched  Mithridates’ 
palace  and  personal  effects  for  the  formula  for  this  celebrated 
antidote.  The  formula,  which  was  handed  down  for  many  centuries, 
probably  originated  with  Andromachus,  Nero’s  physician,  for  the  for¬ 
mula  said  to  have  been  found  by  Nero  consisted  of  “20  leaves  of  rue, 
a  pinch  of  salt,  two  nuts,  and  two  dried  figs.” 

Even  the  most  credulous  could  hardly  have  faith  in  a  medicine 
of  such  simplicity,  so  the  formula  as  ordinarily  credited  to  Mithri¬ 
dates  contained  fifty-four  ingredients,  and  Andromachus  himself 
made  certain  changes  and  supposed  improvements,  as  did  numerous 
other  subsequent  physicians,  so  the  literature  from  the  beginning  of 
the  Christian  Era  to  the  eighteenth  century  is  full  of  references  to 
this  class  of  preparations.  They  were  called  Theriaca  or  Theriacs, 
a  name  originated  by  Nicander  of  Colophon  in  the  early  part  of  the 
second  century  B.  C.,  from  the  Greek  Theria ,  a  venomous  beast. 
He  wrote  two  works  in  verse — one  on  Theriaca,  which  deals  with 
the  bites  of  venomous  animals,  and  one  on  Alexipharmics,  which 
treats  of  poisonous  substances  swallowed.  These  two  terms  were 
kept  distinct  by  Dioscorides,  Galen,  Avicenna,  and  other  medical 
writers,  but  in  later  times  came  to  be  considered  more  or  less  synony¬ 
mously. 

According  to  Pliny  and  corroborated  by  Galen,  the  formula  for 
the  first  theriac  was  inscribed  in  verse  on  stone  in  the  temple  of 
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Asklepios  on  the  island  of  Cos,  the  birthplace  of  Hippocrates.  For¬ 
mulas  for  theriacs  passed  into  many  of  the  early  European  phar¬ 
macopoeias.  An  illustration  of  such  a  formula,  occupying  almost  an 
entire  page  of  a  folio  volume,  is  taken  from  the  Teatro  Farmciceutico 
of  Donizelli,  published  in  1677.  The  one  attributed  to  Andromachus 
probably  eclipsed  all  of  the  others  in  fame  and  popularity  for  many 
centuries.  This  theriac  contained  as  its  most  notable  and  rare  in¬ 
gredient  “the  flesh  of  vipers,”  which  is  found  in  some  formulas  down 
to  the  eighteenth  century. 

Another  theriac  of  wide  popularity  was  that  of  Philon  of  Tarsus, 
who  recorded  his  formula  in  Greek  verse.  This  practice  of  giving 
formulas  in  metrical  cadence  was  not  for  the  esthetic  or  literary 
effect,  but  to  make  them  easier  to  memorize}  and  to  ensure  fidelity  in 
transcribing,  for  we  must  remember  there  were  no  printed  books  in 
those  days,  only  oral  traditions  and  manuscripts. 

Galen  also  speaks  highly  of  this  one.  One  of  its  ingredients  was 
“the  red  hair  of  a  lad  whose  blood  had  been  shed  on  the  fields  of 
mercury,”  and  it  contained  many  other  drugs  whose  names  are  dis¬ 
guised  in  mystic  language.  The  mixture  was  directed  to  be  made 
into  a  conserve  with  the  “product  of  the  daughters  of  the  Bull  of 
Athens,”  which  meant  Attic  honey.  The  Theriaca  Philonium  sur¬ 
vived  nearly  eighteen  centuries  and  in  a  much  simplified  form  was 
found  in  the  London  Pharmacopoeia  of  1746. 

The  several  theriacs  had  different  properties,  according  to  dif¬ 
ferent  authors.  That  of  Philon  was  originally  intended  as  a  remedy 
for  a  peculiar  form  of  colic  which  became  epidemic  in  Rome  during 
the  time  of  Philon’s  practice.  Another  famous  theriac,  which  was 
originally  also  published  in  metrical  form,  was  that  of  Democrates, 
physician  to  Tiberius,  who  also  invented  formulas,  famous  in  their 
day,  for  dentifrices,  poultices,  liniments,  and  plasters. 

In  the  middle  ages,  the  theriacs  or  “treacles,”  as  they  were  some¬ 
times  called,  brought  reputation  to  certain  communities  where  they 
were  prepared  under  the  supervision  of  qualified  physicians  and  phar¬ 
macists  and  with  great  pomp  and  ceremony.  From  the  fourteenth  to 
the  seventeenth  century  theriac  was  regarded  as  a  specific  against  the 
plague  and  was  in  great  and  universal  demand  throughout  Europe. 
In  Bologna  the  mixing  of  the  theriac  was  conducted  publicly  in  the 
courtyard  of  the  city  hall  and  in  the  presence  of  the  city  officials.  The 
Theriac  of  Venice  or  Venice  Treacle  long  had  the  supremacy  over  the 
theriacs  made  by  the  rival  cities  of  Constantinople,  Cairo,  Genoa, 
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Florence,  and  Bologna.  It  contained  sixty-one  ingredients  and  was 
also  the  subject  of  much  pomp  and  ceremony.  John  Evelyn,  an  early 
English  writer,  whose  memoirs  are  almost  as  celebrated  as  the  diary 
of  his  contemporary,  Pepys,  states  in  connection  with  a  visit  to 
Venice:  “Having  packed  up  my  purchases  of  books,  pictures,  casts, 
treacle  (the  making  and  extraordinary  ceremony  whereof  I  had  been 
curious  to  observe,  for  it  is  extremely  pompous  and  worth  seeing),  I 
departed  from  Venice.” 

In  Queen  Elizabeth’s  reign  the  English  apothecaries  had  been 
making  Theriac  of  their  own  which  was  claimed  to  be  superior  to 
the  imported  product.  Some  controversy  had  evidently  occurred,  for 
a  pamphlet  was  issued  by  Hugh  Morgan,  Apothecary  to  the  Queen 
(1585),  in  which  the  author  emphatically  states  that  his  product  has 
been  compared  with  other  “theriacle”  brought  from  Constantinople 
and  Venice,  and  has  been  commended.  He  goes  on  to  say  petulantly: 
“It  is  very  lamentable  to  consider  that  strangers  do  dayly  send  into 
England  a  false  and  naughty  kind  of  Mithridatum  and  Threacle  in 
great  barrelles  more  than  a  thousand  weight  in  a  year  and  utter  the 
same  at  a  low  price  for  3  pence  and  4  pence  a  pound  to  the  great 
hurt  of  Her  Majesties  subjects  and  no  small  gain  to  the  strangers 
purses.” 

In  the  previous  century  (1591)  Cairo  had  the  reputation  for  the 
finest  theriac.  Prosper  Alpinus,  a  physician  of  Padua,  who  resided 
three  years  in  Cairo,  gives  a  graphic  account  of  the  ceremony  of  its 
preparation  in  that  city.  This  ceremony  occurred  annually  in  May  in 
the  Mosque  of  Moreston,  under  the  supervision  of  the  city’s  chief 
pharmacist  in  the  presence  of  all  the  physicians.  At  that  time  pur¬ 
chasers  from  every  country  in  Europe  visited  Cairo  for  their  supplies 
of  theriac.  “Tyriaca,”  as  he  called  it,  was  one  of  the  drugs  recom¬ 
mended  by  Helias  the  Patriarch  of  Jerusalem  to  Alfred  the  Great  in 
the  ninth  century. 

A  celebrated  theriac  of  the  seventeenth  century  was  the  one  in¬ 
vented  by  Sir  Walter  Raleigh  while  undergoing  twelve  years’  impris¬ 
onment  in  the  tower  during  the  reign  of  James  I.  It  consisted  of 
forty  roots,  seeds,  herbs,  barks,  and  woods,  macerated  in  alcohol,  dis¬ 
tilled,  and  the  distillate  subsequently  combined  with  a  great  variety 
of  mineral  and  animal  ingredients.  It  was  known  as  Raleigh’s  Cor¬ 
dial.  This  combination  was  official  in  the  London  Pharmacopoeia 
under  the  ^ame  “Confectio  Raleighana.”  Later  the  name  was- changed 
to  “Confectio  Caraiaca,”  and  the  formula  was  somewhat  simplified. 
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Still  later  it  was  further  simplified  and  the  name  changed  to  “Con- 
fectio  Aromatica.”  A  remnant  of  these  former  preparations  still 
remains  in  the  pharmacopoeias  of  our  time  under  the  name  of  Aromatic 
Chalk  Powder.  Such  are  the  vicissitudes  and  changes  that  the  names 
and  formulas  of  medicines  undergo  during  the  passing  years. 

What  is  the  consensus  of  opinion  of  modern  physicians  about 
this  noted  preparation,  which  retained  its  position  as  a  valuable  rem¬ 
edy  for  nearly  2000  years  and  which  has  no  counterpart  in  modern 
medicine  ? 

Those  who  have  studied  the  formulas  as  recorded  report  that 
the  best  that  can  be  said  of  them  is  that  the  balsamic  constituents 
might  have  a  slight  antiseptic  effect  upon  the  alimentary  tract,  but 
that  the  preparation  could  have  no  real  remediah  value  in  any  but 
imaginary  afflictions,  and  certainly  no  antidotal  value  in  case  of 
poisoning.  In  this  respect  it  differs  from  the  Terra  Sigillata  which, 
according  to  modern  scientific  views,  possesses  real  antidotal  power 
in  connection  with  certain  classes  of  poisons.  It  is  quite  probable 
that  the  real  popularity  of  the  theriacs,  and  possibly  some  of  the 
reputed  therapeutic  value,  was  due  to  the  fact  that  they  were  usually 
taken  with  wine. 

One  of  the  most  curious  chapters  in  the  Romance  of  Medicines 
is  that  connected  with  the  use  of  what  were  called  “sympathetic 
remedies.”  These  constituted  a  form  of  absent  treatment  for  wounds, 
which  was  so  different  from  the  unscientific  and  often  insanitary 
methods  of  treatment,  even  up  to  the  time  of  Pasteur  and  Lister, 
that  there  is  little  wonder  at  the  esteem  in  which  they  are  held, 
although  we  may  indulge  in  a  smile  at  the  curious  hypotheses  which 
were  published  to  account  for  their  efficacy.  The  treatment,  in  brief, 
was  this : 

The  wound  itself  received  no  treatment  except  washing  in  clean, 
cold  water,  and  bandaging  with  clean  linen ;  the  bandage  was  not  to  be 
removed  for  some  days.  The  remedy  was  applied  to  the  weapon 
which  had  caused  the  wound.  It  is  important  to  note  that  the  treat¬ 
ment  would  not  answer  if  an  artery  had  been  severed,  or  if  the  brain, 
heart,  or  other  internal  organs  had  been  injured.  Paracelsus  was  the 
author  of  one  of  these  sympathetic  remedies  which  was  in  the  form 
of  an  ointment.  His  theory  of  the  treatment  was  that  the  anointment 
of  the  weapon  acted  upon  the  wound  by  a  magnetic  current  through 
the  air  to  the  healing  balsam.  This  preparation  came  to  be  known  as 
the  Paracelsan  Weapon  Salve,  or  Unguentum  Armarum. 


24 


THE  ROMANCE  OF  MEDICINES 


Van  Helmont,  Descartes,  and  Batista  Porta  are  among  the  promi¬ 
nent  men,  as  late  as  the  seventeenth  century,  who  espoused  the  theory 
of  this  treatment.  Van  Helmont  even  wrote  a  book  on  the  subject  in 
which  he  insisted  that  the  “moss  from  a  dead  man’s  skull,”  called  by 
the  Latin  name  of  “Usnea,”  which  was  one  of  the  important  ingredi¬ 
ents  in  the  Paracelsan  formula,  must  be  obtained  from  an  individual 
whose  surname  contained  only  three  letters — surely  a  most  difficult 
requirement. 

Another  “sympathetic”  preparation,  which  was  in  the  form  of  a 
powder,  was  that  of  Sir  Kenelm  Digby.  He  was  an  unusual  charac¬ 
ter  of  the  seventeenth  century,  the  son  of  one  of  the  leaders  of  the 
Gunpowder  Plot,  who  seems  to  have  lived  down  the  stigma  of  his 
father’s  execution.  He  was  very  popular  with  King  James  I,  whom 
he  pressed  for  a  commission  to  wage  war  against  the  Spaniards  and 
capture  some  of  their  rich  galleons.  The  Lord  High  Admiral,  whose 
signature  was  needed  to  make  such  a  commission  legal,  being  absent 
when  Sir  Kenelm  was  ready  to  sail,  he  was  granted  a  “license  to 
undertake  a  voyage  for  the  increase  of  his  knowledge.”  He  evidently 
started  in  with  the  idea  of  completing  a  post  graduate  course  as  well, 
for  he  spent  several  years  in  the  Mediterranean  capturing  French, 
Spanish,  and  Flemish  ships,  and  finally  defeated  the  combined  fleets 
of  the  French  and  Venetians  at  Scandaroon  in  Asia  Minor  north  of 
Antioch,  after  which  he  returned  to  England,  was  knighted,  changed 
his  religion  several  times,  was  imprisoned  and  banished  at  intervals, 
during  all  of  which  period  he  devoted  himself  to  science,  and  finally 
published  a  book  on  what  he  called  the  “Sympathetic  Powder,”  which 
consisted  of  powdered  copperas,  or  green  vitriol.  His  explanation 
of  the  effect  of  the  powder  was  that  “the  rays  of  the  sun  extracted 
from  the  blood  and  the  vitriol  associated  with  it,  the  spirit  of  each 
in  minute  atoms.  These  combined,  and  the  air  charged  with  the  atoms 
of  blood  and  vitriol  were  attracted  to  the  wound  and  effected  the 
cure.” 

An  example  of  one  of  the  cases  is  interesting,  as  quoted  from 
Wootten’s  Chronicles  of  Pharmacy.  A  carpenter  had  cut  himself 
severely  with  an  axe.  The  offending  axe,  still  bespattered  with  blood, 
was  treated  with  the  remedy  and  hung  up  in  a  cupboard.  The  wound 
progressed  satisfactorily,  but  one  day  it  suddenly  became  violently 
painful.  On  investigation  it  was  found  that  the  axe  had  fallen  from 
the  nail  upon  which  it  had  be^n  hung. 

In  the  National  Portrait  Gallery,  Sir  Kenelm  Digbv’s  portrait 
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has  attached  to  it  a  plate  on  which  is  inscribed  the  statement  that  he 
was  “a  prodigy  of  learning,  credulity,  valor  and  romance.”  He  must 
have  been  a  compelling  character,  for  one  of  his  contemporaries  pays 
him  the  unusual  tribute  of  saying,  “He  was  such  a  goodly  person, 
gigantic,  and  of  great  voice  and  had  so  graceful  elocution  and  noble 
address,  that  had  he  been  dropt  out  of  the  clowdes  in  any  part  of 
the  world  he  would  have  made  himself  respected.” 

In  Hudibras  are  several  references  to  the  “sympathetic  powder” : 

“For  by  his  side  a  pouch  he  wore 
Replete  with  strange  hermetic  powder, 

That  wounds  nine  miles  point  blank  would  solder 
By  skilful  chemist  at  great  cost 
Extracted  from  a  rotten  post.” 

And 

“  ’Tis  true  a  scorpion’s  oil  is  said 
To  cure  the  wounds  the  vermin  made ; 

And  weapons  dressed  with  salves  restore, 

And  heal  the  wounds  they  made  before.” 

Sir  Walter  Scott  also  alludes  to  this  remedy  in  the  Lay  of  the 
Last  Minstrel  in  the  following  lines : 

“But  she  has  ta’en  the  broken  lance, 

And  washed  it  from  the  clotted  gore, 

And  salved  the  splinter  o’er  and  o’er.” 

One  of  the  least  important  of  modern  remedies  and  yet  one  that 
has  had  a  history  as  romantic  as  any  is  the  Acetum  Aromaticum  or 
Aromatic  Vinegar  of  the  National  Formulary,  which  consists  of  the 
oils  of  lavender,  rosemary,  juniper,  peppermint,  cinnamon,  lemon,  and 
clove,  in  a  mixture  of  acetic  acid,  alcohol,  and  water.  This  is  now 
used  as  a  refreshing  application  in  headache  or  a  stimulating  inhalant 
in  cases  of  faintness. 

This  is  not  a  very  ancient  preparation,  for  we  find  no  references 
to  it  in  a  number  of  comprehensive  pharmacopoeias  of  the  seventeenth 
century.  It  is  said  that  the  first  use  of  such  a  combination  of  in¬ 
gredients  was  by  Cardinal  Wolsey  several  centuries  before,  who  in 
times  of  epidemic  was  accustomed  to  carry  an  orange  deprived  of  its 
pulp  and  filled  with  absorbent  material  saturated  with  vinegar  and 
spices,  to  counteract  the  supposed  effluvia  of  the  plague. 

This  Aromatic  Vinegar  was,  however,  a  popular  preparation 
about  135  years  ago.  Its  popularity  grew  out  of  the  fact  that  it  was  re¬ 
ported  to  have  been  used  as  a  prophylactic  against  the  plague  by  four 
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robbers  of  Marseilles,  who  saturated  handkerchiefs  with  it  and  tied 
them  over  the  mouth  and  nose  while  pursuing  their  nefarious  practice 
of  robbing  the  dead  and  dying  during  an  epidemic  in  that  city.  Its 
reputation  in  this  respect  gave  it  the  characteristic  synonym  “vinaigre 
des  quatre  voleurs”  (vinegar  of  the  four  thieves),  and  during  the 
plague  epidemic  which  afflicted  Philadelphia  in  1793,  so  effectively 
described  by  Charles  Brockden  Brown,  the  first  American  novelist, 
in  “Arthur  Mervyn,”  his  first  book,  and  later  by  the  famous  physician- 
author,  S.  Weir  Mitchell,  in  “Hugh  Wynne,  Free  Quaker,”  it  was 
advertised  extensively  by  druggists  of  the  Quaker  City.  One  of  these 
early  advertisements  reads  as  follows :  “By  appointment,  the  genuine 
Vinaigre  des  quatres  voleurs ,  or  Vinegar  of  the  Four  Thieves.  Cele¬ 
brated  particularly  among  the  French,  as  one  of  the  Best  Preventatives 
for  Infectious  Disorders ,  is  sold  by  Philip  Sonnenkamp,  Druggist, 
No.  4  S.  High  Street.  Note.  If  any  purchaser  of  a  bottle  by  keeping 
it  no  longer  than  24  hours,  should  think  by  strict  enquiry  of  judges, 
that  it  is  neither  genuine,  nor  made  agreeable  to  the  original  receipt, 
shall  have  the  money  returned  to  the  bearer  of  the  bottle.” 

Another  advertisement  goes  into  greater  detail  as  follows : 

“ For  Preventing  Infectious  Disorders,  Essence  and  Salt  of 
Vinegar ,  or  the  Celebrated  Vinegar  of  the  Four  Thieves.  This  ele¬ 
gant  preparation  is  formed  of  concentrated  vinegar,  impregnated  with 
the  most  efficacious  antiseptics  and  aromatics,  which  renders  it  par¬ 
ticularly  useful  in  nervous  headaches,  faintings,  lowness  of  spirits, 
etc.  Its  effluvia  is  extremely  grateful  and  pungent,  and  is  happily 
adapted  to  stop  the  progress  of  infections,  disorders  and,  as  such, 
should  ever  be  the  companion  of  those  who  visit  or  attend  the  sick.” 

“It  is  said  that  during  the  dreadful  plague  at  Marseilles,  four 
persons,  by  the  use  of  this  essence  or  salt  as  a  preservative,  attended 
unhurt,  multitudes  of  those  who  were  infected,  and  that  under  colour 
of  these  services,  they  robbed  the  sick  and  the  dead,  and  that  one  of 
them,  being  afterwards  apprehended,  saved  himself  from  the  gallows 
by  discovering  the  secret.  The  preparation  was  hence  called  Vinaigre 
des  quatre  voleurs  or  The  Vinegar  of  the  Four  Thieves.  For  sale 
only  by  Goldthwait  and  Baldwin,  the  corner  of  Second  and  Walnut 
Street  and  John  White,  Druggist  and  Chemist  in  Market  Street.” 

Almost  everybody  knows  what  a  Seidlitz  Powder  is,  and  how 
the  contents  of  the  blue  paper  and  the  white  paper,  when  separately 
dissolved  in  water  and  mixed  at  the  time  of  taking,  provide  a  pleasant, 
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effervescent,  aperient  draught.  The  active  constituent  in  this  prepara¬ 
tion  is  a  laxative  saline  remedy  known  as  Rochelle  Salt,  which  was 
accidently  discovered  by  Peter  Seignette,  an  apothecary  of  the  French 
City  of  Rochelle  in  1672.  He  made  it  then  by  essentially  the  same 
process  that  is  used  today,  the  mixing  of  sodium  carbonate  with  cream 
of  tartar,  both  in  solution,  and  crystallizing  the  resulting  compound. 
He  ascertained  that  the  new  compound  had  laxative  properties,  and 
advertised  it  as  a  new  remedy  by  handbills,  calling  it  “Sal  Poly¬ 
chrestum,”  or  the  salt  of  many  virtues,  each  dose  of  Sal  Polychrestum 
enclosed  in  an  envelope  and  bearing  a  picture  of  a  goose. 

We  can  hardly  appreciate  in  these  days  of  the  popularity  of 
preparations  of  mineral  oil  and  of  cascara,  the  esteem  in  which  new 
saline  cathartics  were  held  at  that  time.  Johann  Rudolph  Glauber, 
the  celebrated  German  chemist  who  served  as  a  connecting  link  in 
the  previous  century  between  alchemy  and  chemistry,  discovered  the 
saline  cathartic  sodium  sulphate,  named  it  “Sal  Mirabilis,”  or  the 
wonderful  salt,  and  heralded  it  as  a  panacea  for  almost  all  human  ills. 

The  son  of  Peter  Seignette  succeeded  to  his  father’s  business  and 
continued  to  vend  Sal  Polychrestum  as  a  secret  nostrum.  Many  un¬ 
successful  attempts  were  made  by  pharmacists  applying  the  crude 
analytical  chemistry  of  that  day  to  identify  the  substance,  but  it  re¬ 
mained  a  secret  until  1731,  when  Boulduc  and  Geoffrey,  noted  phar¬ 
macists  of  Paris,  solved  the  problem  and  published  the  results  of  their 
investigations.  The  importance  of  the  subject  at  that  time  will  be 
appreciated  when  we  learn  that  Seignette’s  original  product  had  been 
described  in  a  paper  published  in  the  Transactions  of  the  Paris  Acad¬ 
emy  of  Sciences,  and  that  the  exposure  nearly  sixty  years  later  was 
published,  not  only  by  the  Paris  Academy  of  Sciences,  but  also  in  the 
Philosophical  Transactions  of  the  Royal  Society  of  London. 

In  1724  Friedrich  Hoffman  had  analyzed  the  waters  of  the  cele¬ 
brated  Seidlitz  Spring  of  Germany  and  found  the  principal  constitu¬ 
ent  to  be  magnesium  sulphate,  better  known  as  Epsom  Salt,  from 
the  English  Spring  of  that  name,  which  had  been  already  famous  in 
the  time  of  Queen  Elizabeth,  together  with  a  small  amount  of  sodium 
sulphate,  the  compound  which  had  been  discovered  by  Glauber  in 
another  spring  in  the  previous  century.  The  name  “Seidlitz  Salt” 
came  to  be  used  in  European  pharmacy  and  medicine  as  a  designation 
for  magnesium  sulphate,  a  custom  which  persists  even  to  the  present 
time. 
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Now,  both  Epsom  Salt  (the  natural  Seidlitz  Salt)  and  Glauber’s 
Salt  are  extremely  and  disagreeably  bitter,  while  Seignette’s 
(Rochelle)  Salt  is  comparatively  tasteless.  In  1815  an  Englishman 
named  Thomas  Savory  was  granted  a  patent  in  Great  Britain  for  a 
combination  of  a  salt  or  powder  “possessing  the  virtues  of  the  medi¬ 
cinal  spring  of  Seidlitz  in  Germany,”  which  Hoffman  had  analyzed 
nearly  a  century  before,  and  named  his  product  “Seidlitz  Powders.” 
Like  most  originators  of  patent  medicines,  Savory  did  not  seem  to 
feel  himself  bound  by  any  ethical  considerations  or  regard  for  the 
truth,  and  so  instead  of  using  either  magnesium  sulphate  or  sodium 
sulphate,  which  would  have  made  a  disagreeable,  bitter  dose,  but 
either  of  which  would  have  been  in  approximate  harmony  with  the 
claim  for  composition,  he  used  Rochelle  Salt,  which  never  has  been 
and  never  can  be  found  in  a  natural  spring  water,  for  it  is  a  compound 
partly  of  vegetable  origin. 

Seidlitz  Powders  immediately  attained  a  great  popularity  and 
were  in  great  demand.  In  1824,  the  Philadelphia  College  of  Phar¬ 
macy  published  an  exposure  of  the  composition  of  eight  prominent 
nostrums  of  that  time,  and  among  these  was  the  formula  for  Seid¬ 
litz  Powders,  which  soon  found  a  place  in  the  various  pharmacopoeias 
of  the  world,  and  are  still  esteemed  as  a  household  remedy  and  are  also 
prescribed  by  physicians. 

There  should  not  be  any  doubt  about  the  origin  or  meaning  of 
the  word  “Laudanum,”  although  lexicographers  seem  not  to  be  en¬ 
tirely  in  agreement  upon  the  subject.  Paracelsus  first  used  the  word 
about  1530,  in  connection  with  a  secret  remedy  which  he  used.  He 
said  “Ich  hab  ein  Arcanum,  heiss  ich  Laudanum;  ist  fiber  das  alles 
wo  es  zum  Tod  reichen  will.” 

It  is  not  certain  that  Paracelsus  used  the  word  in  connection 
with  a  preparation  of  opium,  although  he  is  said  to  have  carried  a 
piece  of  opium  in  the  pommel  of  his  sword,  and  extolled  it  as  a 
remedy,  calling  it  “the  stone  of  immortality.”  For  more  than  a  cen¬ 
tury  after  Paracelsus’  time,  the  term  “laudanum”  was  applied  to  solid 
preparations,  some  containing  opium,  others  of  purely  mineral  origin. 
The  first  few  editions  of  the  London  Pharmacopoeia,  of  which  the 
initial  issue  occurred  in  1618,  contained  a  formula  for  a  solid  prepara¬ 
tion  of  opium  under  the  name  of  Laudanum.  This  preparation  con¬ 
tained  opium,  saffron,  castor,  diambra,  ambergris,  musk,  and  oil  of 
nutmeg,  all  of  which  were  first  to  be  made  into  a  tincture,  which  was 
later  evaporated  to  form  a  pill  mass. 
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I  have  found  a  pharmacopoeia  edited  by  Guiseppe  Quercetano, 
published  in  Venice  in  1619,  in  which  there  is  quite  a  discussion  of 
the  origin  of  the  name.  It  is  stated  to  be  from  the  Latin  laudo,  to 
praise,  because  of  the  praiseworthy  character  of  the  remedy,  which  is 
believed  to  be  similar  to  the  nepenthes  of  Homer.  Formulas  are 
given  by  Quercetano  for  laudanum  of  nominal  cost  and  one  called 
“Excellentissimum.”  The  latter  formula  contains  as  the  basic  in¬ 
gredients,  opium  and  saffron,  which  are  later  to  be  compounded  in 
a  vessel  of  silver  with  pearls,  hyacinths,  coral,  terra  sigillata,  bezoar, 
unicorn,  and  ambergris — surely  a  costly  and  rare  assortment  of  drugs, 
worthy  of  a  silver  setting. 

The  laudanum  which  we  know,  which  is  a  liquid  preparation  of 
opium  made  with  alcohol,  was  doubtless  evolved  from  the  liquid 
preparation  of  that  name  originated  by  the  celebrated  English  physi¬ 
cian  Sydenham,  who  described  it  in  1669  and  speaks  of  it  as  being 
good  for  the  plague.  As  Sydenham  is  reported  as  having  fled  from 
London  during  the  plague  of  1665,  at  which  time  the  apothecaries 
remained  to  fight  the  epidemic  and  gained  great  kudos  thereby,  his 
knowledge  is  probably  second  hand.  Sydenham’s  preparation  was 
made  from  opium  and  saffron,  extracted  with  Canary  wine,  and  a 
formula  of  that  character  is  still  known  by  the  name  of  Sydenham’s 
Laudanum,  and  is  official  in  the  National  Formulary  under  the  Latin 
title  of  Tinctura  Opii  Crocata. 

Sydenham  undoubtedly  obtained  his  basic  idea  from  one  of  the 
formulas  previously  quoted,  retaining  only  the  opium  and  saffron  and 
making  it  into  a  liquid  preparation.  He  himself  is  quoted  as  saying : 
“I  do  not  believe  that  this  preparation  has  more  virtues  than  the  solid 
laudanum  of  the  shops,  but  it  is  more  convenient  to  administer.” 

Sydenham’s  opinion  of  opium  and  of  laudanum  is  worth  repeat¬ 
ing  as  showing  the  attitude  of  his  period  toward  a  narcotic  drug  which 
the  whole  world  now  fears  and  is  attempting  to  control.  “Of  all  the 
remedies  which  a  kind  providence  has  bestowed  upon  mankind  for 
the  purpose  of  lightening  its  miseries,  there  is  not  one  which  equals 
opium  in  its  power  to  moderate  the  violence  of  so  many  maladies  and 
even  to  cure  some  of  them.  Medicine  would  be  a  one-arm  man  if  it 
did  not  possess  the  remedy.  Laudanum  is  the  best  of  all  the  cordials ; 
indeed  it  is  the  only  genuine  cordial  that  we  possess  today.” 

In  the  Pharmacopoeia  Schroedero-Hoffmanniana  of  1687,  we  find 
a  formula  for  a  laudanum  called  “Electuarium  hystericum  seu  Lauda¬ 
num  Facile.”  This  is  one  of  the  typical  examples  of  polypharmacy 


30 


THE  ROMANCE  OF  MEDICINES 


of  that  period.  The  following  ingredients  are  classified  into  groups : 
of  precious  stones,  there  were  emeralds,  sapphires,  hyacinths,  topaz, 
coral,  and  pearls;  of  roots,  galangal  and  rhubarb;  of  gums,  acacia, 
opoponax,  galbanum,  thus,  mastic,  bdellium,  sarcocolla,  and  euphor- 
bium ;  of  seeds,  coriander,  fennel,  and  cardamom ;  of  miscellaneous 
drugs,  salt,  opium,  cinnamon,  oil  of  turpentine,  honey,  alcohol,  and 
aqua  Imperialis.  Aqua  Imperialis  is  a  compound  preparation  in  itself, 
containing  twenty  ingredients,  so  in  this  electuary,  which  was  directed 
to  be  given  in  a  three-grain  dose  as  an  anodyne  and  antispasmodic, 
there  are  nearly  fifty  ingredients. 

One  of  the  variants  of  laudanum  which  attained  great  fame  was 
a  preparation  made  with  vinegar  instead  of  alcohol  as  a  solvent.  This 
was  three  times  as  strong  in  opium  as  ordinary  laudanum,  and  was 
called  “Quaker  Laudanum”  or  more  commonly  “Black  Drop.” 

Lovers  of  Dickens  will  remember  with  amusement  that  in  the 
celebrated  trial  of  Bardell  vs.  Pickwick,  the  chemist  asked  to  be  ex¬ 
cused  from  jury  duty  on  the  ground  that  the  boy  who  was  left  in  the 
shop  had  the  impression  that  “Epsom  salts  means  oxalic  acid,  and 
syrup  of  senna,  laudanum.” 

Paregoric  is  another  opium  preparation  in  which  the  name  has 
been  found  to  be  associated  with  a  number  of  preparations  of  a  char¬ 
acter  distinctly  different  from  the  paregoric  of  today.  Our  prepara¬ 
tion  originated  with  Dr.  Le  Mort,  Professor  of  Chemistry  at  the 
University  of  Leyden  (1702-1718).  The  formula,  as  given  in  the 
London  Pharmacopoeia  of  1721,  under  the  Latin  title  “Elixir  Asth- 
maticum,”  contained  opium,  honey,  licorice,  benzoic  acid,  camphor,  oil 
of  anise,  potassium  carbonate,  and  alcohol. 

Later  the  title  of  Elixir  Paregoricum  was  applied  to  this  prepara¬ 
tion,  and  during  the  200  years  that  have  intervened  since  it  originated 
it  has  suffered  many  changes  both  in  composition  and  nomenclature. 
The  title  “Paregoric”  instead  of  being  the  Latin,  has  become  the 
English  name.  The  name  “paregoric”  was  used  back  in  Greek  and 
Roman  times,  and  throughout  the  intervening  period  as  a  generic  term 
meaning  an  anodyne,  from  the  Greek  paregoricon  (soothing). 

In  the  Pharmacopoeia  Schroedero-Hoffmanniana  (1687)  it  is 
stated  in  the  introductory  portion  of  the  book  that  Paregoric  is  an 
anodyne,  and  later,  under  Tinctura  Anodyna  (but  without  the 
synonym  “Paregoric”),  is  given  a  formula  for  a  preparation  contain¬ 
ing  opium,  benzoin,  saffron,  alcohol,  castor,  and  salt  of  tartar.  It  is 
probable  that  this  formula  was  taken  by  Le  Mort  as  the  basis  for  the 
preparation  credited  to  him. 
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Both  Paregoric  and  Laudanum  were  given  titles  that  seem  to 
have  been  used,  respectively,  for  a  variety  of  preparations  up  to  within 
very  recent  times.  A  “Pharmacopoeia  Universalis”  (1846),  compiled 
officially  by  the  authorities  of  Weimar,  as  the  fourth  edition  of  a 
similar  work  first  issued  in  1828  by  Jourdan  of  Paris,  contains  for¬ 
mulas  for  over  forty  different  kinds  of  Laudanum,  and  more  than 
twenty  different  kinds  of  Paregoric.  All  of  these  preparations  have 
opium  as  the  common  ingredient,  but  the  variations  in  other  respects 
cover  a  very  wide  range.  The  authorities  quoted  in  this  compilation 
number  more  than  one  hundred  and  cover  a  chronological  range  of 
over  fifty  years,  beginning  with  the  Amsterdam  Pharmacopoeia  of 
1792. 

If  Thomas  Dover  had  not  been  at  one  time  a  devoted  servant  of 
the  famous  Dr.  Sydenham  of  Laudanum  fame,  he  probably  would 
not  have  been  filled  with  an  ambition  later  to  call  himself  a  physician, 
for  that  was  all  that  was  needed  in  those  days  in  Merry  England  to 
practice  medicine,  and  the  world  would  never  have  heard  of  Dover’s 
Powder,  and  might  never  have  had  the  benefit  of  this  valuable  remedy ; 
and  if  this  same  Thomas  Dover  had  not  turned  buccaneer  for  a  few 
years  the  story  of  Robinson  Crusoe  would  never  have  been  written, 
for  it  was  Captain  Thomas  Dover  on  the  privateer  “Duke”  who 
rescued  Alexander  Selkirk  on  February  2,  1709,  after  he  had  lived 
alone  on  the  island  for  more  than  four  years,  and  whose  story  so 
appealed  to  DeFoe  that  the  world  gained  a  classic  piece  of  literature. 

Dover’s  privateering  venture  ended  in  1710  with  great  profit,  as 
he  came  back  with  a  ship  full  of  treasure  in  addition  to  a  Spanish 
frigate  of  twenty-one  guns,  which  he  had  captured.  Although  nearly 
forty  years  of  age  he  shortly  thereafter  embarked  upon  the  practice 
of  medicine  and  became  a  free  lance  in  the  field,  calling  the  College 
of  Physicians  “a  clan  of  prejudiced  gentlemen,”  and  complaining  of 
the  extortionate  charges  of  the  apothecaries  of  his  day.  He  was 
a  successful  and  popular  practitioner  for  many  years  and  before  he 
died  wrote  a  book  called  “The  Ancient  Physician’s  Legacy  to  His 
Country,”  which  was  a  record  of  the  cures  that  he  had  accomplished 
together  with  the  remedies  that  he  had  used,  and  it  was  in  this  book 
that  he  describes  the  “diaphoretic,”  or  sweat-producing  powder,  as  he 
calls  it,  which  was  made  by  a  much  more  complicated  process  than  is 
used  today,  but  in  which  the  essential  ingredients  have  been  retained 
in  their  original  proportions,  which  is  unusual  for  a  remedy  nearly 
200  years  old,  as  this  one  is.  Dover  was  a  fearless  practitioner  in 
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the  matter  of  doses.  He  gave  metallic  mercury  in  such  large  amounts 
that  he  was  known  as  the  “quicksilver  doctor.”  The  modern  physician 
gives  Dover’s  Powder  in  doses  averaging  five  grains.  Dover  usually 
gave  it  in  sixty  grain  doses  and  claimed  to  have  given  as  high  as  ioo 
grains,  which  is  equivalent  to  ten  grains  of  opium  and  ten  grains  of 
ipecac.  It  is  little  wonder  that  apothecaries  who  filled  his  prescrip¬ 
tions  advised  his  patients  to  make  their  wills  before  taking  the  medi¬ 
cine. 

Thomas  Dover  died  in  1742  and  as  physicians  in  general  were 
antagonistic  to  his  teachings  and  his  practice,  his  diaphoretic  powder 
might  have  suffered  oblivion  had  it  not  been  for  another  celebrated 
character  in  English  medical  annals,  who  brought  it  into  fame 

What  constitutes  quackery?  In  the  case  of  Joshua  Ward,  the 
physician  who  made  Dover’s  Powder  famous,  it  must  have  been  the 
fact  that  he  entered  the  practice  of  medicine  by  the  back  door,  as  did 
Dover,  for  it  is  said  by  one  of  his  biographers  that  he  was  originally 
a  footman  who  collected  the  recipes  that  were  later  to  make  him 
famous,  from  monastery  physicians  on  the  Continent.  Ward  became 
a  protege  of  George  II  of  England  when  he  entered  the  practice  of 
medicine  at  the  age  of  forty-eight,  and  numbered  among  his  friends 
such  men  as  Chesterfield,  Gibbon,  Fielding,  Reynolds,  and  Walpole. 
In  1748,  when  a  bill  was  introduced  into  Parliament  restricting  the 
practice  of  medicine  to  those  who  were  duly  qualified,  it  contained  a 
clause  specifically  exempting  Ward  by  name  from  its  provisions. 

He  had  political  aspirations  as  well,  and  was  at  one  time  returned 
to  Parliament  as  a  member  from  Marlborough.  Upon  a  contest  of 
the  election,  the  Commission  appointed  to  investigate  the  election, 
found  that  Ward  had  not  received  a  single  vote  and  ordered  his  rival 
seated.  The  election  officers  in  some  of  our  large  American  cities 
must  be  descendants  of  the  Marlborough  electors. 

Ward  had  a  large  number  of  secret  remedies,  almost  all  of  which 
were  powerful  preparations  of  antimony,  mercury,  opium,  or  arsenic. 
Ward’s  Paste,  Ward’s  Powder,  Ward’s  Pills,  Ward’s  Balsam,  and 
Ward’s  Drops,  were  in  more  or  less  popular  use  for  a  century  after 
his  death,  at  which  time  his  recipes  were  compiled  by  a  friend  and 
associate  and  published  at  the  expense  of  the  King,  whose  favor  he 
had  continuously  retained.  He  had  requested  this  of  the  King,  and 
history  shows  that  it  was  granted,  but  another  favor  which  he  asked 
was  refused.  It  was  that  he  be  buried  in  Westminster  Abbey  in  front 
of  the  altar  or  as  near  thereto  as  possible. 
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Ward'  had  discovered  the  formula  for  Dover’s  most  celebrated 
remedy  in  Dover’s  book,  and  had  used  it  with  effect  under  the  re¬ 
sounding  names  of  Pulvis  alexitericus,  Pulvis  sudori ficus,  and  Pulvis 
anodynus.  Under  the  patronage  of  the  King,  he  established  a  hos¬ 
pital  and  administered  his  remedies  to  poor  people  free  of  charge. 
Medical  historians  give  but  small  space  to  either  Ward  or  Dover. 
Pope  embalmed  the  former  in  this  illuminating  quotation : 

“Of  late,  without  the  least  pretense  to  skill, 

Ward’s  grown  a  famed  physician  by  a  pill.” 

Another  famous  remedy  of  about  this  same  period  was  that  in¬ 
troduced  by  Thomas  Fowler,  originally  an  apothecary  in  York,  who 
later  graduated  in  medicine  from  Edinburgh,  and  after  practicing  in 
several  other  localities,  eventually  went  back  to  York  and  acquired  a 
large  practice.  There  was  at  that  time  on  the  market  in  Great  Britain 
a  patent  medicine  called  “Tasteless  Ague  and  Fever  Drops,”  the 
originator  of  which  is  not  known.  Finding  that  this  preparation 
was  most  effective,  Dr.  Fowler,  with  the  help  of  an  apothecary  named 
Hughes,  of  whom  Fowler  says,  “His  industry,  attention,  and  abilities 
in  his  professional  line  justly  merit  applause,”  effected  the  analysis 
of  the  nostrum,  which  he  found  to  be  an  arsenical  solution,  and  de¬ 
vised  a  formula  for  its  duplication. 

This  is  another  of  the  preparations  that  has  suffered  very  little 
change  in  its  composition  or  method  of  preparation  since  the  time  of 
its  introduction  by  Fowler  in  1786,  when  he  published  a  treatise 
entitled  “Medical  Reports  of  the  Effects  of  Arsenic  in  the  Cure  of 
Agues,  Remitting  Fevers,  and  Periodic  Headaches.”  This  book  made 
Fowler’s  reputation  and  established  the  position  of  arsenic  in  the 
list  of  remedies  of  recognized  value.  As  there  was  at  times  a  prejudice 
against  the  use  of  the  salts  of  the  poisonous  metals  in  medicine,  which 
had  resulted  from  the  indiscriminate  and  lavish  use  of  such  remedies 
by  physicians  possessing  little  knowledge  or  judgment,  Dr.  Fowler 
suggested  that  the  preparation  be  prescribed  under  the  name  of  Liquor 
Mineralis,  to  conceal  its  real  origin. 

When  a  young  drug  clerk  named  Newton,  better  known  to  the 
world  as  Sir  Isaac  Newton,  worked  in  the  apothecary  shop  of  Mr. 
Clark  in  Grantham,  England,  in  1660,  it  is  very  probable  that  he  was 
called  upon  occasionally  to  dispense  a  preparation  known  by  the  name 
of  Friar’s  Balsam,  a  vulnerary  medicine  containing  balsamic  drugs 
from  the  New  World.  A  half  century  later  when  Lemery  was  prac- 
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ticing  pharmacy  in  the  Rue  Grande,  Paris,  the  same  preparation, 
which  had  increased  in  popularity,  had  been  enveloped  in  the  mystery 
and  complexity  of  the  medicines  of  that  period,  and  was  known  by 
the  formidable  names  of  Balsamum  Equitis  Sancti  Victoris  (Balsam 
of  the  Holy  Victorius  Knights),  or  Balsamum  Commendatoris  (Com¬ 
mander’s  Balsam).  Again,  a  half  century  later,  when  Antoine  Baume, 
the  inventor  of  the  hydrometer  which  bears  his  name,  was  clerking  in 
the  famous  pharmacy  of  Geoff roy  at  Paris,  a  closely  similar  prepara¬ 
tion  was  called  for  under  the  names  of  Balsamum  Catholicum  (Cath¬ 
olic  Balsam),  or  Balsamum  Traumaticum  or  Balsamum  Vulnerarium 
(Wound  Balsam). 

Still  another  quarter  of  a  century  later,  when  Carl  Wilhelm 
Scheele  was  practicing  pharmacy  in  his  little  apothecary  shop  at 
Koping,  Sweden,  the  preparation  was  known  by  the  names  of  “Jesuits’ 
Drops,”  or  “Swedish  Balsam,”  and  Joshua  Ward,  of  Dover’s  Powder 
fame,  had  used  it  under  the  name  of  “Ward’s  Balsam.”  During  this 
period  or  later,  this  very  popular  remedy  came  to  be  called  Wade’s 
Drops,  Turlington’s  Balsam  of  Life,  Balsam  de  Maltha,  Jerusalem 
Balsam,  Balsamic  Tincture,  Wound  Elixir,  Vervain’s  Balsam,  Persian 
Balsam,  or  Saint  Victor’s  Balsam. 

As  made  today,  for  it  is  still  esteemed  by  the  medical  profession 
and  occupies  a  place  in  the  latest  edition  of  the  U.  S.  Pharmacopoeia, 
it  contains  aloes,  storax,  tolu,  and  benzoin,  dissolved  in  alcohol.  In 
medicine  it  is  mainly  used  in  bronchial  affections  today,  either  inter¬ 
nally  or  as  an  inhalant.  It  finds  a  use  in  many  toilet  preparations,  as 
for  instance,  in  the  lotion  of  benzoin,  glycerin,  and  rose  water,  so 
popular  for  chapped  hands. 

Contrast  the  formula  and  these  few  uses  with  the  formula  and 
uses  as  quaintly  described  by  Monsieur  Pomet,  Chief  Apothecary  to 
Louis  XIV  of  France,  in  his  History  of  Drugs,  fourth  edition,  Eng¬ 
lish  translation  published  in  1748: 

“The  Balsam  of  the  Governor  of  Berne,  given  me  by  Mr.  Pinno- 
dan,  the  King’s  Lieutenant  of  Toul  in  Lorrain.  (This  was  Latinized 
as  Balsamum  de  commendatore  du  Berne.) 

“Take  of  dry  Balsam  of  Peru,  one  ounce;  Storax,  in  tears,  two 
ounces;  Benjamin  (gum  benzoin)  three  ounces;  Aloes  Succotrine, 
Myrrh,  Olibanum  in  tears,  Roots  of  Bohemia  Angelica,  Flowers  of 
St.  John’s  wort  of  each  half  an  ounce;  Spirit  of  Wine  (alcohol) 
one  quart;  beat  all  together  and  put  them  into  a  bottle  well  stopped, 
which  hang  in  the  sun  in  the  Dog-days. 
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“The  virtues  of  this  Balsam  are:  First  of  all,  it  is  an  admirable 
balsam  for  all  kinds  of  wounds;  it  is  also  excellent  given  inwardly 
for  the  cholick,  taking  four  or  five  drops  in  a  glass  of  claret.  It  is 
also  sovereign  in  the  gout,  applied  to  the  foot  affected  with  a  feather 
or  cotton.  For  the  toothache  it  is  wonderful,  applied  to  the  teeth 
with  cotton  that  has  been  steeped  in  it.  It  cures  all  sorts  of  ulcers 
and  cancers,  cures  the  bites  of  venomous  creatures  and  mad  dogs ;  is 
good  to  prevent  the  marks  of  smallpox  by  rubbing  it  upon  the  pimples 
as  they  appear  upon  the  face.  It  is  excellent  for  the  piles,  inflamma¬ 
tion  of  the  eyes  and  pains  of  the  stomach.” 

The  century  in  which  Pomet  wrote  these  words,  and  the  one 
preceding  it,  constitute  the  period  of  greatest  credulity  and  secrecy 
in  regard  to  medicines.  This  was  the  period  in  which  the  crowned 
heads  of  Europe  vied  with  each  other  in  honoring  and  rewarding  the 
discoveries  of  new  remedies.  Among  the  royal  patrons  of  medicine 
and  pharmacy  were  Louis  XIV  of  France,  who  purchased  Helvetius’ 
secret  for  a  dysentery  remedy  in  1686  for  one  thousand  Louis  d’or 
and  gave  the  knowledge  of  ipecac  to  the  world ;  Charles  II  of  Great 
Britain,  who  gave  the  discoverer  of  Goddard’s  Drops  (a  long  since 
forgotten  preparation  made  from  human  bones  and  known  as  “Sal 
Volatile  Oleosum”),  six  thousand  pounds  sterling  for  the  formula; 
Louis  XV  of  France,  who  purchased  the  formulas  of  Glauber’s 
Kermes  Mineral  and  LaMothe’s  Tincture  (both  of  which  are  buried 
in  the  therapeutic  graveyard  of  the  past)  for  large  sums ;  Empress 
Catherine  II  of  Russia,  who  paid  Bestucheff  three  thousand  roubles 
for  a  preparation  called  “Bestucheff ’s  Tincture,”  almost  identical 
with  that  purchased  a  few  years  previously  by  Louis  XV  under  the 
name  of  LaMothe’s  Tincture;  Louis  XVI  of  France,  who  purchased 
the  cinchona-containing  nostrum  from  Talbor,  the  English  quack, 
for  two  thousand  guineas,  and  Madam  Nouffler’s  Tapeworm  Remedy 
for  18,000  livres  (the  latter  preparation  introducing  the  drug  called 
“malefern”  to  scientific  medicine,  in  which  it  still  holds  a  place)  ; 
Emperor  Joseph  II  of  Austria,  who  paid  1500  florins  for  the  formula 
for  a  secret  febrifuge,  which  lost  its  popularity  and  prestige  as  soon 
as  it  came  to  be  known  that  it  was  made  from  the  common  boxwood, 
the  hedge  plant. 

This  was  the  period,  too,  in  which  patent  medicines  originated. 
This  term  originally  meant  remedies  that  were  actually  protected  by 
letters  patent,  for  the  so-called  patent  medicines  of  today  are  simply 
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nostrums  of  proprietary  origin  in  which  there  is  no  accountability  for 
either  nature  or  uniformity  of  composition  to  any  authority  what¬ 
ever,  nor  any  legal  control  or  supervision  of  their  manufacture.  It  is 
a  reflection  upon  the  good  judgment  or  integrity  of  present-day  legis¬ 
lators,  that  while  the  practice  of  medicine  and  of  pharmacy  are  hedged 
about  with  legal  restrictions  and  safeguards,  anyone  who  chooses  may 
enter  into  the  business  of  manufacturing  a  secret  nostrum  with  no 
inquiry  into  his  or  her  qualifications. 

The  first  medicine  to  be  actually  patented  in  Great  Britain  was 
the  same  Goddard’s  Drops  for  which  Charles  II  paid  such  a  fancy 
price,  after  which  the  preparation  very  properly  .lapsed  into  the  limbo 
of  forgotten  things.  Bateman’s  Pectoral  Drops,  Hooper’s  Female 
Pills,  Betton’s  British  Oil,  James’  Fever  Powder,  Roche’s  Embroca¬ 
tion,  and  Savory’s  Seidlitz  Powders  are  among  the  better  known 
medicines  which  were  originally  patented  in  Great  Britain. 

Secrecy,  mystery  and  superstition  have  been  the  indispensable 
ingredients  of  many  successful  prescriptions  and  remedies  from  the 
time  of  the  earliest  Egyptians  down  to  and  including  the  present. 

The  evolution  of  the  nostrum,  that  blot  upon  scientific  medicine 
and  pharmacy,  for  which  both  professions  are  jointly  responsible,  is 
a  separate  story  altogether.  From  these  mysterious  polypharmacal 
monstrosities  which  were  evolved  by  the  physicians  of  the  seventeenth 
and  eighteenth  centuries  and  used  by  them  as  secret  remedies,  has 
developed  the  modern  nostrum  traffic,  a  veritable  Frankenstein  taking 
toll  in  the  United  States  alone  to  the  extent  of  more  than  $200,000,000 
annually,  or  enough  to  endow  pharmaceutical  and  medical  education 
and  research  for  the  permanent  benefit  of  mankind;  but  the  people 
must  have  their  illusions  at  any  cost,  and  the  more  intelligent  people 
become  and  the  greater  the  amount  of  popular  education,  the  more 
credulity  there  seems  to  be  about  medicines.  This  has  had  a  bad 
effect  upon  the  practice  of  medicine  itself,  for  probably  in  consequence 
of  a  hereditary  professional  inferiority  complex,  medicine  has  turned 

in  part  to  therapeutic  nihilism,  and  as  a  by-product  of  this  trend  has 

• 

been  the  development  of  “bone  bouncers”  and  many  other  well  known 
’pathics  and  ’practics,  who  owe  their  practice  and  their  success  to 
“Romance,”  in  a  different  sense,  however,  from  that  in  which  it  is 
used  in  this  lecture. 

There  are  some  things  to  be  thankful  for,  for  during  Pharmacy 
Week,  when  the  public  were  given  some  idea  of  the  making  of 
medicines  and  many  pharmacies  had  creditable  displays  of  drugs  and 
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preparations  in  the  making,  there  was  no  such  exhibit  as  Garth  de¬ 
scribed,  of  a  pharmacy  of  several  centuries  ago : 

“Here  mummies  lay  most  reverently  stale, 

And  there  the  tortoise  hung  her  coat  of  mail ; 

Not  far  from  some  large  shark’s  devouring  head. 

The  flying  fish  their  finny  pinions  spread. 

Aloft  in  rows  large  poppy  heads  were  strung, 

And  near  a  scaly  alligator  hung. 

In  this  place,  drugs  in  musty  heaps  decayed, 

In  that,  dried  bladders  and  drawn  teeth  were  laid.” 

Nor  does  the  pharmacist  of  today  have  the  reputation  for  extor¬ 
tion  that  his  confreres  of  the  times  of  William  II  and  George  I  of 
England,  when  it  was  said  :  *  ■ 

“Thrice  happy  were  those  golden  days  of  old, 

When  dear  as  Burgundy,  ptisans  were  sold, 

When  patients  chose  to  die  with  better  will, 

Than  live  to  pay  th’  apothecaries  bill.” 

There  must  be  romance  in  medicines,  for  science,  art,  and  litera¬ 
ture  have  all  drawn  strength  and  inspiration  from  this  fertile  field. 


MORE  ABOUT  COLOR  AND  COLORS 
By  J.  W.  Sturmer 

Dean  of  Science,  Philadelphia  College  of  Pharmacy  and  Science 

VISITORS  from  a  foreign  land,  on  viewing  our  show-window 
displays,  and  the  raiments  of  the  stream  of  shoppers — particu¬ 
larly  those  of  the  soprano  sex — must  needs  conclude  that  we  are  a 

color-loving  people.  Nor  can  it  be  said  that 
our  interest  in  color  is  wholly  emotional,  for 
in  this  truly  scientific  age  matters  which 
formerly  were  of  moment  only  to  scientists 
have  come  to  be  common  knowledge,  and  the 
"man  on  the  street”  now  talks  freely  about 
wave-lengths,  ultra-violet  light,  and  the  like. 
He  knows  the  secret  of  the  rainbow.  He 
knows  about  refraction  and  reflection.  He 
is  not  awed  by  a  little  science,  or  disconcerted 
by  scientific  nomenclature. 

It  is  not  the  purpose  of  this  lecture, 
however,  to  lead  the  reader  into  the  domain  of  abstruse  physics,  but 
rather  to  present  as  simply  as  possible,  and  mainly  in  non-technical 
language,  some  interesting  facts  about  color  in  nature. 

Pigment  Colors  and  Structural  Colors 

As  was  explained  in  the  lecture  on  colors  previously  given,  and 
to  which  this  is  a  sequel,*  the  color  of  an  object  may  be  due  to  the 
chemical  nature  of  the  substance  composing  it ;  that  is,  it  may  be  due 
to  the  presence  of  chromophore  groups  in  the  molecule,  and  within 
these  groups  to  a  particular  functioning  of  the  electrons  of  specific 
atoms,  by  virtue  of  which  functioning  the  substance  may  be  able  to 
"tune  in”  certain  wave-lengths  of  sunlight,  with  a  reflection  of  a 
blend  of  the  unabsorbed  waves.  When  color  is  produced  in  this 
manner,  we  have  what  is  commonly  termed  a  pigment-efifect.  Thus, 
a  dandelion  is  yellow  because  it  contains  a  yellow  pigment,  namely  a 
substance  capable  of  selective  absorption,  because  of  its  chemical  char¬ 
acter,  with  reflection  of  the  unabsorbed  light-waves,  which  happen  to 
be  yellow. 


*See  Popular  Science  Talks,  Yol.  in. 
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But  not  all  color  phenomena  in  nature  are  pigment-effects.  In 
some  cases  color  is  due  not  to  the  chemical  make-up,  but  to  the  physi¬ 
cal  structure,  giving  rise  to  effects  which  we  speak  of  as  structural 
colors.  The  blue  of  the  sky,  the  iridescence  of  pearls,-  the  rainbow 
colors  of  certain  insect  wings,  are  structural  effects.  Not  only  are 
there  many  color  phenomena  in  nature  due  to  physical  structure,  but 
the  appearance  of  a  colorless  object  may  be  greatly  influenced  by  its 
structure,  and  pigment-effects,  generally,  are  frequently  modified  in 
this  manner,  as  we  shall  see. 

Let  us  consider,  first  of  all,  the  reflection  of  white  light.  Some 
objects,  as  we  know,  are  transparent,  while  others  are  opaque.  And 
when  an  object  is  opaque,  it  may  reflect  scattered  light,  as  in  case  of 
this  paper,  or  the  light  may  be  reflected  without  appreciable  scatter¬ 
ing,  as  from  a  polished  or  burnished  surface  of  silver,  giving  a  so- 
called  mirror  effect.  Now  whether  reflection  occurs  the  one  way  or 
the  other,  is  wholly  a  matter  of  structure,  particularly  of  the  surface, 
and  is  not  at  all  connected  with  the  chemical  character  of  the  sub¬ 
stance.  Thus,  for  example,  silver,  deposited  by  electrolysis,  as  in  sil¬ 
ver  plating,  scatters  the  reflected  light  because  of  the  minute  hills  and 
valleys  which  make  up  its  uneven  surface,  while  burnishing,  which 
levels  the  surface,  causes  the  mirror-effect  to  appear.  We  can  also 
deposit  silver  from  a  solution  so  as  to  obtain  particles  which  look 
black  because  they  absorb  all  the  light  waves — or  we  may  contrive  to 
obtain  particles  so  small  as  to  exhibit  selective  absorption,  and  there¬ 
fore  show  color,  as  in  case  of  a  colloidal  solution  of  silver.  Yet,  as 
far  as  we  know,  the  silver,  in  these  instances,  is  chemically  the  same. 
The  difference  in  appearance  seems  to  be  due  to  difference  in  physical 
structure. 

Scattered  White  Light 

Now  silver  is  inherently  opaque,  as  are  metals  generally.  But 
why  is  a  snow  ball,  which  is  made  up  of  transparent  ice  particles, 
opaque?  Why  is  this  paper  opaque,  notwithstanding  the  fact  that 
the  fibers  of  which  it  is  composed  are  practically  transparent?  The 
answer  is  that  a  snow  ball  is  made  up  of  ice  particles  and  air  spaces ; 
and  this  paper  represents  a  matting  of  minute  fibers,  with  innumer¬ 
able  air  spaces  separating  them.  In  short,  we  are  here  dealing  with 
heterogeneous  rather  than  homogeneous  structure,  and  the  imprisoned 
air  is  the  cause  of  the  opacity.  It  is  the  air  in  the  paper,  therefore, 
which  makes  it  look  white,  that  is,  causes  it  to  reflect  scattered  white 
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light.  To  explain  this  we  must  refer  to  the  subject  of  refraction: 
When  a  ray  of  light  passes  through  a  medium,  the  ray  alters  its  orig¬ 
inal  course,  and  the  degree  to  which  it  is  deflected  from  its  course 
depends  upon  the  density  of  the  medium  through  which  it  passes. 
Scientists  in  this  connection  speak  of  the  index  of  refraction;  and  in 
case  of  ice  and  air,  and  fiber  and  air,  there  is  a  marked  disparity  of 
the  indices  of  refraction.  The  light  would,  therefore,  have  to  zigzag 
through  a  snow  ball.  The  result  is  that  the  light  which  actually  enters 
the  snow  ball  is  lost  (absorbed)  within  it,  while  a  considerable  por¬ 
tion  of  the  impinging  light  is  reflected  from  the  surface,  and  for  the 
reason  previously  mentioned,  is  reflected  as  scattered  light.  If  we 
place  a  drop  of  oil  upon  white  paper,  it  ceases  to  reflect  much  scattered 
light,  and  the  paper  becomes  virtually  transparent,  for  the  reason  that 
the  oil,  which  displaces  the  air,  happens  to  have  a  refractive  index  ap¬ 
proaching  that  of  the  fiber.  So  it  is  not  merely  heterogeneous  struc¬ 
ture,  after  all,  but  rather  the  difference  between  the  indices  of  re¬ 
fraction,  which  accounts  for  the  opacity  of  most  bodies  made  up  of 
particles  of  dissimilar  substances.  Naturally  it  does  not  often  happen 
that  such  substances  occurring  together  refract  light  to  the  same  de¬ 
gree. 

At  this  point  we  may  profitably  perform  a  simple  experiment. 
Suppose  we  crush  some  common  glass,  and  place  the  particles  in  olive 
oil.  The  glass  particles  will  be  found  to  appear  less  conspicuous  be¬ 
cause  the  spaces  between  them  will  now  be  filled  with  the  oil,  which  dis¬ 
placed  the  air  and  oil  has  nearly  the  same  index  of  refraction  as  has 
the  glass.  If  we  then  carefully  add  cassia  oil,  a  little  at  a  time,  the 
glass  will  finally  become  invisible,  and  the  heterogeneous  body  will  be 
transparent.  The  reason  is  that  the  index  of  refraction  of  the  one  oil 
is  a  little  lower  than  that  of  the  glass,  and  the  other  a  little  higher, 
so  that  a  mixture  may  be  made  of  the  two  having  the  same  index  of 
refraction  as  that  of  the  glass,  at  which  point  the  latter  is  invisible. 

Certainly  it  is  reasonable  to  assume  that  in  heterogeneous  struc¬ 
tures  found  in  nature,  we  may  expect  components  of  dissimilar  indices 
of  refraction.  Hence  bodies  of  such  structure  may  be  expected  to  be 
opaque,  and  to  reflect  a  considerable  portion  of  the  light  which  strikes 
them.  Observation  proves  that  this  is  really  the  case. 

We  can  now  understand  why  cotton,  which  is  a  hollow  tube  filled 
with  air,  looks  white ;  why  fluffy  clouds  against  which  the  sun  is  shin¬ 
ing,  look  white ;  why  a  liquid  made  up  of  minute  globules  of  oil  float¬ 
ing  in  water — a  liquid  commonly  called  an  emulsion — is  white.  We  can 
understand  also  the  “whiteness"  of  soap  lather,  of  whipped  egg-white, 
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of  froth  generally,  of  ivory  soap,  and  of  other  substances  into  which 
air  has  been  beaten.  Nor  need  we  be  surprised  to  learn  that  white 
flowers  contain  no  substance  which  is  inherently  white,  and  that  the 
whiteness  of  the  lily  is  a  structural  efifect.  The  same  is  true  also — 
and  this  can  be  proven-  -olT  white  hair  and  of  white  feathers. 

In  order  that  the  reflected  light  may  be  white,  absence  of  pigment 
is  of  course  essential.  If  pigment  is  present,  its  color  may  be  con¬ 
siderably  modified  by  the  structure  of  the  body  in  which  it  exists,  this 
influencing  the  amount  of  white  light  reflected  which  dilutes  the  color. 
This  is  the  case  in  leaves  and  flowers,  in  the  feathers  of  birds,  and 
in  many  other  objects  in  nature.  Human  hair  is  darker  when  it  is 
oily,  just  as  oiled  paper  is  darker,  and  appears  lighter  in  tint  when 
the  oil  has  been  removed  by  thorough  washing.  An  analogous  example 
is  to  be  found  in  flamingoes.  The  depth  of  red  color  exhibited  by 
these  showy  birds  has  been  proven  to  be  dependent  upon  the  amount 
of  oil  in  their  feathers,  which  decreases  the  amount  of  white  light 
reflected,  and  thus  makes  the  red  pigment  more  conspicuous. 

Color  Effects  Due  to  Size  of  Particles 

An  interesting  fact  is  that  particles  floating  in — or  imprisoned 
in  another  medium,  if  they  are  sufficiently  small,  so  that  their  diam¬ 
eter  is  comparable  to  the  length  of  the  light- waves  composing  the 
visible  spectrum,  and  appearing  as  white  light,  may  selectively  absorb 
certain  wave-lengths,  and  thus  give  rise  to  color.  Thus,  skimmed 
milk,  as  everybody  knows,  appears  distinctly  bluish  by  reflected  light, 
and  de-vitrified  glass  sometimes  shows  a  similar  effect.  The  blue 
color  of  bird  feathers,  namely  of  the  blue-jay,  of  the  indigo  bunting, 
and  of  certain  tropical  birds,  has  been  shown  to  be  a  purely  struc¬ 
tural  effect,  and  is  attributed  to  minute  bubbles  of  air  imprisoned  in 
the  transparent  “feather-substance."  Indeed,  no  blue  pigment  has 
thus  far  been  separated  from  feathers.  Moreover,  that  the  struc¬ 
tural  blue  of  feathers  may  modify  the  color  of  existing  pigment,  has 
been  shown  to  be  the  case  in  green  feathers  from  which  a  yellow  pig¬ 
ment  may  be  extracted,  leaving  the  feathers  blue ;  and  biologists  have 
observed  a  similar  color  change  in  case  of  certain  frogs,  which  in  pre¬ 
serving-alcohol  turn  blue,  due  to  the  removal  of  their  yellow  pigment. 

It  is  evident,  then,  that  in  the  vegetable  and  animal  world  struc¬ 
tural  color  effects  are  so  important  that  they  cannot  be  ignored,  and 
that  pigments  may  be  but  a  factor,  and  not  by  any  means  the  only 
factor,  in  producing  the  colors  which  we  see. 
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Now  when  we  speak  of  pigments  in  connection  with  plants  or 
animals,  we  mean  as  has  been  stated,  a  substance  which  by  virtue  of 
its  chemical  nature  is  capable  of  selective  absorption  of  light-waves, 
thus  producing  color.  And  for  sake  of  convenience  we  include  in 
the  category  of  pigments  also  black  substances  which  absorb  all  the 
rays  of  the  visible  spectrum.  Thus,  the  substance  to  which  is  due  the 
black  color  of  the  skin  of  the  negro,  is  referred  to  as  skin  pigment, 
as  is  also  the  coloring  matter  in  black  hair.  But  strictly  speaking, 
black  is  not  a  color,  for  black  substances  do  not  absorb  light  waves 
selectively. 

In  the  hairs  of  mammals  are  found  pigments  ranging  from  yel¬ 
low  to  red,  which  may  be  mixed  in  various  ratios  with  each  other  and 
with  a  black  substance,  giving  rise,  accordingly,  to  numerous  shades 
of  yellow,  yellowish-red,  and  brown.  There  are,  of  course,  no  blue 
or  violet  hair  pigments.  In  other  words,  the  short  waves  of  the 
visible  spectrum  are  absorbed  by  hair  pigments,  and  the  longer  waves 
are  reflected — that  is,  if  there  is  selective  absorption.  If  there  is  no 
selective  absorption,  but  absorption  of  all  the  wave-lengths  of  the 
visible  spectrum,  the  hair  is  black. 

Of  special  interest  is  the  pigment  of  the  human  skin.  Unfor¬ 
tunately,  but  little  is  known  about  it.  We  speak  of  the  white  races, 
the  yellow  or  Mongolian,  the  red  or  Indian,  and  the  black  or  African. 
Our  scientific  books  give  us  a  name  for  this  pigment,  the  name  me¬ 
lanin,  information  which  does  not  help  us  much,  for  the  name  is  noth¬ 
ing  more  than  a  derivation  of  the  Greek  word  melas  which  means 
black.  It  is  known,  however,  that  melanin  is  not  a  pigment  derived 
from  food,  as  is  the  yellow  pigment  in  the  feet  of  a  Plymouth  Rock 
chicken,  but  is  developed  in  the  living  cells  of  the  skin  by  a  process 
involving  the  action  of  light,  not  only  of  visible  light,  but  also — and 
indeed,  particularly — of  the  ultra-violet  rays.  The  tendency  to  de¬ 
velop  skin  pigment  is  not  limited  to  the  colored  races,  and  even  the 
blond  Nordic  will  tan  or  freckle.  There  is,  however,  a  very  marked 
difference  in  individuals  in  their  reaction  to  sunshine,  and  some  de¬ 
velop  skin  pigment  rapidly,  while  others  tan  very  slowly.  Some  tan 
uniformly,  and  others  freckle.  Why  this  should  be  the  case  is  not 
definitely  known.  We  know  only  that  in  sun  treatment  for  tubercu¬ 
losis,  and  other  ailments,  the  beneficial  effects  are  most  marked  after 
high  pigmentation  has  been  effected.  And  we  know  also  that  if  the 
skin  is  covered  with  a  cosmetic  containing  a  fluorescent  substance, 
namely  a  substance  capable  of  altering  the  wave-lengths  of  ultra- 
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violet  light,  tanning  is  practically  or  nearly  impossible,  which  proves 
that  the  ultra-violet  rays  are  the  important  factor  in  this  skin  pigmen¬ 
tation.  But  how  a  person  with  the  tendency  to  freckle  may  contrive 
to  tan  uniformly  is  still  an  unsolved  problem  of  science. 

Let  us  now  shift  our  laboratory  from  the  “zoo”  and  the  bath¬ 
ing  beach  to  the  wcjpds  and  the  fields,  where  we  may  hope  to  be  more 
successful  in  dealing  with  our  problems  in  a  scientific  manner. 

Vegetable  Colors 

The  colors  of  vegetation  are  endless  in  variety,  presenting  all 
the  hues  of  the  spectrum,  their  tints  and  shades,  with  numerous  blend¬ 
ings,  altered,  moreover,  by  the  effects  due  to  structure.  And  when 
we  view  a  landscape  from  a  distance,  preferably  from  an  eminence, 
it  is  not  only  minute  structure  which  must  be  taken  into  account,  as 
influencing  the  general  color  effects,  but  also  gross  structure  which 
becomes  a  factor  in  the  case.  Note  for  example  the  breezes  billow¬ 
ing  a  field  of  ripening  grain.  Do  not  the  colors  change,  becoming 
lighter  and  darker  before  our  eyes  ?  And  does  not  this  remind  us  of 
plush  or  velvet,  when  brushed  with  the  nap,  or  against  it? 

But  why  does  velvet  appear  darker  when  we  have  brushed  the 
nap  against  the  grain?  We  may  answer  that  we  have  caused  the 
fibers  of  the  nap  to  stand  vertically,  a  condition  conducive  to  the 
“trapping”  of  light,  and  to  multiple  reflection,  back  and  forth,  from 
one  colored  fiber  to  another,  with  the  result  that  practically  no  white 
light  is  reflected  with  the  color.  Probably  an  experiment  will  help 
us  to  understand  this.  Suppose  we  impale  a  number  of  bright  steel 
needles  in  a  specie  cork,  placing  them  close  together,  and  with  points 
upward.  When  we  look  at  the  group  of  needles  from  above,  it  will 
appear  black,  while  any  individual  needle,  seen  from  the  side,  appears 
white,  like  polished  silver.  The  single  needle  appears  silver-white 
because  a  great  deal  of  light  is  reflected  from  its  surface.  But  when 
light  filters  in  between  the  needles  arranged  in  a  group,  it  is  trapped, 
and  does  not  again  emerge ;  so  we  have  an  effect  comparable  to  the 
absorption  of  light  by  a  black  pigment.  And  in  like  manner  a  forest 
seen  from  an  aeroplane,  or  a  field  of  grass  viewed  from  a  high  hill, 
will  appear  very  dark  green,  nearly  black,  while  the  same  landscape 
from  a  lower  angle  will  exhibit  much  lighter  colorations,  just  as  our 
grain  field  reflects  more  light — white  light  mixed  with  the  green — 
when  the  wind  bends  the  stems,  and  on  the  other  hand  absorbs  more 
light  when  the  stems  stand  up  vertically,  and  correspond  to  our  line 
of  vision. 
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Vegetable  Pigments 

Of  vegetable  pigments  we  now  have  some  definite  information 
particularly  in  regard  to  chemical  composition — not  of  all  of  them, 
by  any  means,  but  of  certain  very  important  ones.  First  of  all  let 
us  consider  leaf-green,  to  which  is  due  the  dominant  color  of  the 
summer  landscape.  That  leaf-green,  or  chlorophyll,  plays  a  part 
in  the  normal  functioning  of  plants,  and  that  it  is  not  merely  decora¬ 
tive,  to  please  the  appreciative  eye  of  man,  has  been  known  for  more 
than  a  hundred  years.  But  a  knowledge  of  the  true  chemical  nature 
of  this  pigment  dates  back  only  to  1912.  It  appears  that  there  are 
really  two  chlorophylls,  the  one  designated  as  chlorophyll  a,  the  other 
as  chlorophyll  b;  and  that  the  latter  is  the  oxidation  product  of  the 
first.  This  pair  of  chlorophylls  seems  in  fact  10  present  a  parallel  to 
the  haemoglobin  and  the  oxy-haemoglobin  of  the  blood,  and  like  the 
blood  constituents  seems  to  pass  from  the  one  to  the  other  form,  and 
back  again,  in  connection  with  the  normal  life  processes. 

Chemically  the  chlorophylls  are  ester-like  compounds  of  carbon, 
hydrogen,  nitrogen  and  oxygen,  and  contain  also  a  metallic  element, 
namely  magnesium.  Here  again  we  observe  the  analogy  to  the  blood 
pigment,  which  however,  contains  another  metallic  element,  namely, 
iron.  Yet  while  the  chlorophylls  contain  no  iron,  it  is  a  strange  fact 
that  these  plant  pigments  will  not  develop  if  the  soil  in  which  the 
plant  grows  is  devoid  of  this  element.  The  formulas  worked  out 
(by  Willstatter  and  others)  for  the  two  chlorophylls  are  these: 


coo.c20h39 

/ 

§^3 1.H29N3 

\ 

COO.CHs 

NH-CO 

Chlorophyll  a 


COO.C20H39 

/ 

MgC32H2s02N4 

\ 

COO.CH3 


Chlorophyll  b 


If  we  condense  these  formulas  to — 

MgC32H3oN40  (COO.C20H39)  COO.CH3  for  chlorophyll  a, 
and  MgC32H28N402  (COO.C2oH39)  COO.CH3  for  chlorophyll  b, 
we  can  see  at  a  glance  that  the  latter  differs  from  the  first  in  that  an 
extra  oxygen  has  replaced  two  hydrogens. 

In  the  synthesis  of  carbohydrates  in  a  plant,  that  is  their  forma¬ 
tion,  from  water  and  carbon  dioxide  of  the  air,  a  process  in  which 
light  figures,  and  which  is  therefore  called  photosynthesis,  the  chloro- 
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phylls  utilize,  besides  the  ultra-violet  rays,  certain  wave-lengths  of  the 
visible  spectrum,  and  the  blend  of  the  unabsorbed  wave-lengths  gives 
to  the  mixture  of  these  pigments  their  characteristic  green  color.  (In 
deep  water  plants  the  pigment  adjusts  itself  to  the  modified  light, 
hence  such  plants  are  usually  not  green,  but  are  apt  to  be  red  or  pur- 
pie.) 

The  amount  of  carbon  dioxide  abstracted  from  the  atmosphere 
by  this  mysterious  function  of  the  chlorophylls,  though  small  in  any 
single  leaf,  is  very  large  in  the  aggregate,  and  roughly  compensates 
for  the  change  in  the  opposite  direction  due  to  respiration  by  the 
creatures  of  the  animal  world  and  by  human  beings.  It  has  been 
calculated  that  to  offset  the  breathing  of  a  man,  about  thirty  square 
yards  of  leaf  surface  are  required ;  and  since  photosynthesis  is  opera¬ 
tive  only  in  the  daytime,  and  since  over  vast  areas  the  vegetable  world 
is  dormant  for  nearly  half  the  time  each  year,  it  is  necessary  to  mul¬ 
tiply  the  thirty  square  yards  by  about  four  or  five,  in  order  to  arrive 
at  the  leaf  surface  necessary  in  the  growing  season  to  compensate  for 
the  breathing  of  a  single  human  being.  It  has  been  estimated  also 
that  if  the  absorption  of  plants  were  not  counterbalanced  by  animal 
respiration,  and  by  industrial  processes,  which  return  carbon  dioxide 
to  the  air,  this  constituent  would  disappear  from  our  atmosphere  in 
about  thirty-seven  years,  at  which  point  photosynthesis  would  auto¬ 
matically  cease,  and  all  life  would  become  extinct.  As  a  matter  of 
fact,  however,  the  carbon  dioxide  balance  is  pretty  evenly  maintained 
from  year  to  year. 

Yellow  Pigments 

Vegetation  as  has  been  stated  presents  many  shades  of  green, 
from  the  dark  and  sombre  green  of  the  pine  to  the  yellowish-green 
of  the  willow  or  birch.  Indeed,  as  our  powers  of  observation  become 
more  acute  by  training,  we  note  that  different  kinds  of  grain,  as  oats 
and  wheat,  and  certain  grasses  and  sedges  in  the  meadows,  are  easily 
distinguished  from  a  distance  because  of  this  variation  in  their  depth 
of  color  or  in  the  tint  of  green  which  they  exhibit.  We  know  now 
that  structural  effects  play  a  part  in  these  phenomena.  We  may  sur¬ 
mise  also  that  in  some  plant  forms  leaf  green  is  more  abundant  than 
in  others,  and  that  the  ratio  of  chlorophyll  a ,  which  when  separated, 
is  a  bluish-black  pigment,  to  chlorophyll  b,  which  is  dark  green,  may 
vary  within  certain  limitations.  But  these  assumptions  do  not  satis¬ 
factorily  account  for  the  yellowish-greens  which  are  particularly 
conspicuous  in  the  spring  time,  and  which  are  in  evidence  more  or 
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less  throughout  the  summer.  Moreover,  we  must  account  for  the 
fact  that  when  autumn  comes,  the  leaves  of  many  trees  and  of  other 
plants  change  to  a  distinct  yellow.  Either  yellow  pigment  must  exist 
in  the  leaves,  or  it  must  be  developed  from  leaf  green  on  the  ap¬ 
proach  of  cold  weather. 

But  the  plant  chemist  has  solved  this  problem  definitely  by 
demonstrating  the  presence  of  yellow  pigment  in  the  green  leaf.  And 
strange  to  say  there  are  two  yellow  pigments  known  to  exist  just  as 
there  are  two  chlorophylls,  the  one  yellow  substance  having  been 
found  to  be  the  oxidation  product  of  the  other.  Their  chemical  com¬ 
position  is,  however,  very  much  simpler  than  that  of  the  chlorophylls. 
The  one  yellow  pigment  is  a  hydrocarbon,  therefore  containing  only 
carbon  and  hydrogen,  and  has  the  formula  C4oH56.  It  is  an  un¬ 
saturated  hydrocarbon,  containing  less  hydrogen  than  the  maximum 
possible  in  view  of  its  forty  carbon  atom,  and  therefore  has  some 
of  its  carbons  linked  to  their  neighbors  by  multiple  linkage,  a  fact 
which  undoubtedly  accounts  for  its  ability  to  selectively  absorb  light¬ 
waves,  and  to  exhibit  color.  This  hydrocarbon  pigment  was  first 
separated  from  yellow  carrots,  and  was  accordingly  given  the  name 
carotin.  The  other  yellow  pigment  differs  from  carotin  by  the  ad¬ 
dition  of  two  oxygen  atoms,  and  has  the  formula  C^HsqCE.  It  has 
unfortunately  been  given  a  rather  pedantic  name  derived  from  the 
Greek,  namely  the  name  xanthophyll,  which  means  leaf-yellow,  al¬ 
though  its  distribution  is  not  limited  to  leaves. 

Now  what  is  the  purpose  of  these  two  yellow  pigments  which 
are  so  universally  associated  with  the  chlorophylls  in  the  leaves  of 
plants  ?  Whatever  function  they  may  have  in  flowers,  quite  obviously 
they  are  not  primarily  ornamental  in  leaves  where  their  colors  are 
so  largely  obscured  by  the  more  abundant  chlorophylls.  It  would 
appear,  rather,  that  they  are  connected  with  plant  metabolism,  and 
that  they  play  a  part  in  the  all-important  bio-chemical  process  of 
photosynthesis  by  which  the  living  plant  cell  converts  carbon  dioxide 
and  water  into  carbohydrate,  the  substance  which  accounts  for  the 
great  bulk  of  vegetable  tissue.  In  short,  we  may  say  that  in  some 
manner  the  function  of  the  yellow  pigments  links  up  with  that  of  the 
two  chlorophylls. 

It  seems  strange  that  colors  and  pigments  should  figure  in  the 
growth  of  vegetation.  But  we  must  remember  that  color  is  but  the 
visual  evidence  of  the  selective  absorption  of  light  waves,  and  that 
the  absorption  of  sun-energy  is  the  basis  of  all  life.  To  be  sure,  a 
single  blade  of  grass  absorbs  but  a  small  amount  of  radiant  energy, 
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and  produces  but  a  small  amount  of  carbohydrate.  It  has  been  deter¬ 
mined  that  to  produce  about  a  gramme  of  carbohydrate  per  hour, 
when  the  sun  is  shining,  and  the  temperature  is  favorable,  a  whole 
square  yard  of  leaf  surface  is  required.  In  the  aggregate,  however, 
the  yield  of  this  product  is  truly  colossal,  for  carbohydrate,  in  the 
form  of  cellulose,  constitutes  the  bulk  of  plant  tissue.  The  trees  of 
our  forests,  the  vegetation  of  our  fields  and  of  the  tropical  jungles, 
are  built  of  material  produced  in  the  tiny  chemical  laboratory,  the 
plant  cell,  by  the  process  of  photosynthesis.  And  how  closely  this 
abundant  plant  substance  carbohydrate  links  up  with  human  life  !  We 
clothe  ourselves  in  carbohydrate — in  the  form  of  cotton  and  linen 
and  artificial  silk.  We  live  in  houses — many  of  us — of  carbohydrate, 
namely,  of  wood.  In  a  carbohydrate  ship  Columbus  discovered 
America.  And  as  for  our  food — there  would  be  no  food,  if  these 
green  and  yellow  pigments  did  not  provide  it  by  photosynthesis. 
Even  though  we  were  to  become  wholly  carnivorous,  or  were  to  limit 
ourselves  to  a  milk  diet,  we  would  still  be  dependent  upon  the  product 
of  photosynthesis.  There  were  times,  as  we  know,  when  the  prairie 
Indian  lived  solely  on  buffalo  meat ;  but  the  buffalo  lived  on  grass,  and 
the  grass  grew  because  of  photosynthesis.  And  even  in  our  day  and 
age,  as  we  sit  down  to  dinner,  we  find  that  every  item  on  the  bill  of 
fare,  with  the  sole  exception  of  the  sodium  chloride  in  the  salt  cellar, 
harks  back,  directly  or  indirectly,  to  carbohydrate  production  in  the 
living  plant  cells,  hence  to  the  green  and  yellow  pigments  which  func¬ 
tion  in  capturing  the  sun’s  energy  for  this  chemical  process. 

The  manner  in  which  the  two  pairs  of  plant  pigments,  the  chloro¬ 
phylls  and  the  two  yellows,  function  in  photosynthesis  is  still  a  mys¬ 
tery,  and  no  one  has  succeeded  in  duplicating  this  bio-chemical  process 
in  an  artificial  way.  Nor  do  we  know  how  the  pigments  are  produced 
in  the  plant  cell.  But  we  do  know  something  about  their  distribution, 
and  about  their  quantities  as  found  usually  in  common  plants  and 
vegetables.  It  is  known  for  example  that  the  pigment  obtainable  from 
dried  leaves  averages  about  i  per  cent,  by  weight;  and  of  this  the 
larger  portion  by  far  is  attributed  to  the  chlorophylls,  which  run  about 
eighty-five  parts  to  every  fifteen  parts  of  yellow  pigment.  Of  the 
chlorophylls  the  a  variety  is  about  three  times  as  abundant  as  chloro¬ 
phyll  b;  and  of  the  two  yellows  the  xanthophyll  is  the  more  abundant, 
there  being  nearly  twice  as  much  of  this  pigment  as  of  carotin  in  the 
average  green  leaf.  As  has  been  intimated,  carotin  and  xanthophyll 
are  not  confined  to  the  leaves  but  may  occur  in  more  or  less  abundance 
in  other  plant  parts.  Thus  in  the  squash  and  the  pumpkin,  in  the  rind 
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of  lemons,  in  the  fleshy  root  of  the  carrot  we  observe  yellow  pigment 
in  abundance. 

There  is  also  a  red  carotin  which  bears  the  name  lycopin,  and 
which  accounts  for  the  red  color  of  the  skin  and  pulp  of  the  ripe 
tomato,  the  skin  of  red  pepper,  and  the  pulp  of  the  watermelon. 
Lycopin  has  precisely  the  same  chemical  composition  as  ordinary  caro¬ 
tin,  namely  C4oH56,  although  the  atoms  in  the  molecule  no  doubt  are 
grouped  differently  in  the  red  pigment  than  they  are  in  the  yellow. 
As  chemists  express  it,  the  two  substances  are  isomerides,  that  is, 
are  isomeric,  one  to  the  other.  There  are  probably  yet  other  varieties 
of  this  interesting  hydrocarbon,  as  there  are  also  close  chemical  rela¬ 
tives  of  xanthophyll. 

Carotinoids 

Collectively,  these  yellow  to  red  pigments  of  the  formulas  given, 
and  of  closely  related  composition,  are  known  as  the  carotinoids.  In 
the  leaves  the  carotinoids  are  usually  not  in  evidence  when  chlorophyll 
is  present  in  normal  quantity,  although  they  may  tend  to  modify  the 
tint  of  green  which  the  leaf  exhibits.  This  applies  also  to  the  skins 
of  such  fruits  as  the  cucumber,  squash,  pumpkin,  and  others,  which 
are  green  until  they  ripen,  when  they  turn  yellow  because  at  that  time 
chlorophyll  production  slackens,  ultimately  ceases,  and  the  unstable 
green  pigment  disappears  by  decomposition,  offering  the  carotinoids 
the  opportunity  to  come  out  of  hiding.  The  same  explanation  applies 
to  the  development  of  the  golden  yellow  color  of  certain  foliage  on 
the  approach  of  cold  weather  in  autumn,  and  yellow  carotinoids  ac¬ 
count  for  the  characteristic  golden  glow  which  the  birch,  chestnut, 
poplar,  tulip  tree,  mulberry,  oriental  sycamore,  willow,  elm,  and  other 
familiar  trees  contribute  at  that  time  of  the  year  to  our  landscapes. 
A  red  carotinoid  is  in  evidence,  in  the  winter  time,  in  case  of  certain 
evergreens,  as  for  example  in  the  arbor-vitse,  which  does  not  lose  its 
green  pigment,  but  which  in  cold  weather  possesses  a  smaller  quan¬ 
tity  of  it,  thus  giving  the  carotinoid  the  chance  to  peek  through. 

And  as  for  flowers,  a  large  number  owe  their  coloring  to  carotin¬ 
oids  :  the  forsythia,  daffodils  and  nasturtiums,  yellow-red  tulips,  sun 
flowers,  buttercups,  mustard,  gaillardia,  yellow  roses — and  a  host  of 
others,  ranging  from  lemon  yellow  to  bright  red.  So  it  appears  that 
these  pigments  are  not  only  vegetative,  that  is,  operative  in  the  metab¬ 
olism  of  the  plant,  but  are  also  of  service  in  connection  with  cross 
fertilization,  for  colors,  it  has  been  proven,  are  the  chief  attractions 
for  the  insects,  more  important  than  the  flower-odors  from  this 
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standpoint.  Incidentally,  it  might  here  be  mentioned  that  yellow  may 
be  seen  farther  than  any  other  color ; — at  least  this  is  true  with  respect 
to  human  vision. 

As  may  be  surmised,  the  carotinoids,  so  generally  distributed 
throughout  the  vegetable  world,  find  their  way  into  animal  tissue  and 
animal  fluids.  Thus,  cow’s  milk,  in  the  springtime,  is  yellowish,  and 
the  butter  obtained  from  it  is  richly  colored.  And  beef  fat  is  also 
more  highly  pigmented  as  a  result  of  the  feeding  of  green  food,  like 
alfalfa.  In  the  yolk  of  eggs,  the  fat  of  fowls,  and  also  in  the  skin 
covering  of  their  feet,  we  find  variable  amounts  of  carotinoids.  Fur¬ 
thermore,  it  has  been  observed  that  when  a  hen  stops  laying,  this  skin 
pigmentation  becomes  more  pronounced,  thus  affording  a  means  for 
the  identification  of  those  members  of  the  flock  which  have  discon¬ 
tinued  paying  their  board  bill,,  an  observation  which  the  poultry  man 
makes  use  of  in  a  practical  way,  when  he  selects  the  victims  for  the 
broiler. 

In  fish  and  in  the  crustaceans  carotinoid  pigments  are  common. 
In  case  of  the  flounders,  which  are  usually  free  from  pigment  on  the 
left  side  on  which  they  lie,  and  are  highly  pigmented  on  the  other,  it 
is  known  that  the  side  which  the  flounder  turns  to  the  light  is  the  pig¬ 
mented  side ;  and  when  flounders  are  placed  in  a  glass-bottomed  tank, 
with  electric  lights  beneath  it,  the  side  commonly  white  became  pig¬ 
mented  also.  So  it  appears  that  in  the  flounder,  as  well  as  in  case  of 
the  freckled  boy,  the  light  plays  a  part  in  the  production  of  pigment. 

That  we  consume  a  considerable  quantity  of  carotinoids  in  our 
food  is  quite  obvious ;  but  it  seems  that  these  substances  are  entirely 
harmless,  for  no  one  has  observed  untoward  effects  following  their 
ingestion.  We  may,  therefore,  eat  pumpkin  pie,  and  egg  custard,  corn 
bread  and  spring  butter,  without  any  apprehensions  as  regards  the 
effect  on  our  well-being. 

Whether  carotinoids  in  animals  arc  always  derived  from  vege¬ 
table  food,  or  are  produced  by  chemical  action  in  the  living  cells  of 
the  pigmented  animals,  is  an  interesting  question.  It  appears  that 
carotinoids  are  in  most  instances  at  least  obtained  from  the  food,  and 
their  quantity  is  augmented  by  a  diet  rich  in  these  vegetable  pigments. 
This  has  been  proven  in  extensive  feeding  experiments  with  domestic 
fowls,  and  also  with  Jersey  cows.  That  spring  butter  is  richly  tinted, 
and  that  egg  yolks  are  yellower  when  the  hens  can  eat  grass  and 
“greens,”  is  an  observation  most  of  us  have  made. 

The  ingested  carotinoid  does  not  appear  to  be  distributed  uni¬ 
formly  in  the  animal  tissue,  but  to  accumulate  principally  in  the  fat 
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and  in  the  skin.  And,  strange  to  say,  sheep  and  goats,  despite  their 
herbiverous  habits,  are  practically  free  from  such  pigments,  their  fat 
being  colorless.  Why  this  is  the  case  is  not  known. 

The  Flower-blues,  or  Anthocyanins 

The  term  carotin  is  derived  from  the  name  of  the  common  vege¬ 
table  in  which  it  abounds,  the  common  carrot;  and  all  carotinoids 
may  be  thought  of  in  connection  with  carrots  and  pumpkins  and  red 
tomatoes.  Now  an  entirely  different  group  of  vegetable  colors  rang¬ 
ing  from  red  through  purple  and  violet  to  blue,  is  included  in  the 
group  of  anthocyanins,  a  Greek  name,  meaning  flower-blues,  although 
these  pigments  are  not  limited  to  flowers,  and  are  not  necessarily  blue. 
The  red  beet  contains  an  anthocyanin;  so  does  the  skin  of  the  grape; 
so  does  the  skin  of  the  apple.  Indeed,  the  majority  of  our  luscious 
fruits  appear  so  tempting  because  of  skin  and  pulp  pigment  classifi¬ 
able  as  anthocyanins. 

These  pigments  have  a  rather  complex  chemical  structure,  but 
are  chemically  related,  and  have  certain  properties  in  common.  They 
are  classified  as  glucosides,  because  the  molecule  of  an  anthocyanin 
can  be  decomposed  so  as  to  yield  a  glucose,  namely,  a  sugar — and  it 
may  be  remembered  that  a  sugar  of  this  type  is  the  first  carbohydrate 
produced  in  photosynthesis.  The  sugar  combined  in  anthocyanins 
may  be  dextrose,  or  galactose,  or  rhamnose,  but  it  is  always  one  of 
the  type  which  the  chemist  classified  as  a  hexose — a  sugar  having  the 
molecular  formula  of  CeH12Oo — a  glucose-like  sugar. 

The  typical  anthocyanin  is  violet,  and  like  litmus,  it  turns  blue 
with  alkalies,  and  red  with  acids.  In  a  blue  flower,  as  for  example 
the  corn  flower,  the  anthocyanin  is  combined  with  a  metallic  base.  In 
the  example  given,  the  corn  flower,  it  is  a  salt  of  potassium.  In  the 
red  pelargonium,  commonly  called  geranium,  there  is  a  tartrate  of  the 
anthocyanin,  a  combination  with  an  organic  acid  to  form  a  salt.  When 
the  anthocyanin  is  free,  combined  neither  with  an  acid  nor  with  a 
base,  it  appears  violet  or  purple.  The  violet  larkspur  offers  an  illus¬ 
tration  of  this  type.  The  anthocyanins  may,  therefore,  be  thought 
of  in  connection  with  litmus  paper. 

Many  of  our  most  gorgeous  flowers,  roses,  geraniums,  red  sage, 
hollyhocks,  pansies,  peonies,  corn  flowers,  larkspur,  petunias,  poppies, 
zinnias,  certain  aster,  red,  old  rose  and  purple  dahlias,  and  others,  owe 
their  beauty  to  anthocyanins.  Grapes,  cherries,  plums,  raspberries, 
cranberries,  apples,  and  other  fruits  contain  these  pigments  in  the  skin 
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or  the  pulp.  They  occur  accordingly  in  our  fruit  juices,  preserves, 
jellies  and  other  fruit  products.  Furthermore,  the  characteristic  color 
of  certain  vegetables,  notably  the  purple  cabbage,  red  beet  and  the 
red  radish  is  due  to  anthocyanins,  and  extracts  of  these  vegetables 
may  be  used  as  substitutes  for  litmus. 

The  fact  that  combinations  of  these  pigments  with  alkalies  are 
blue,  explains  why  in  the  washing  of  a  jelly  glass  with  the  help  of 
a  washing  powder,  which  is  alkaline,  there  may  occur  the  aforemen¬ 
tioned  change  in  color ;  and  why  the  color  developed  is  sometimes 
green  in  place  of  blue  is  easily  understood  when  we  remember  that 
carotinoids  may  be  present  also,  and  that  a  mixture  of  a  yellow  pig¬ 
ment  and  a  blue  one,  produced  green.  Finally,  remembering  the  sus¬ 
ceptibility  of  anthocyanins  to  acids  and  bases,  we  see  why  the  nature 
of  the  soil  should  influence  the  tint  of  certain  flowers,  for  the  soil 
has  its  effect  on  the  reaction  of  the  cell  sap,  and  that  in  turn  may 
change  a  blue  flower  to  violet  or  even  red,  or  a  red  one  to  violet  or 
blue. 

The  anthocyanins  are  water-soluble,  and  therefore,  usually  occur 
in  solution  in  the  cell-fluid,  in  which  respect  they  differ  from  carotin¬ 
oids  and  the  chlorophylls,  which  occur  in  solid  or  semi-solid  bodies, 
known  as  plastids.  While  the  beautiful  pigments  of  our  flowers  are 
not  utilized  for  the  purpose  of  dyeing  fabrics,  a  number  of  vegetable 
dyes,  related  to  anthocyanins,  are  in  general  use.  One  reason  why 
anthocyanins  found  in  flowers  are  not  suitable  for  dyeing  purposes 
is  that  these  pigments  are  fugitive  and  lack  permanence. 

White  flowers  are  of  course  devoid  of  pigment.  But  there  may 
be  present  colorless  substances  related  to  anthocyanins,  and  these 
may  give  rise  to  pigment  upon  being  subjected  to  chemical  treatment. 
Thus  a  number  of  white  flowers  turn  yellow  with  alkali,  showing  the 
presence  of  compounds  known  as  flavones.  But  more  interesting 
than  this  fact  is  the  susceptibility  of  these  flower  pigments  to  reduc¬ 
ing  agents  which  destroy  their  color,  changing  the  pigments  to  more 
stable  chemical  substances  incapable  of  selective  absorption  of  light¬ 
waves.  Reducing  agents,  accordingly,  may  be  used  to  remove  fruit 
stains  or  stains  from  flowers,  in  short,  may  serve  as  bleaching  agents. 

The  Riot  of  Colors 

Red,  orange,  yellow,  green,  blue  and  violet,  the  colors  of  the  rain¬ 
bow,  with  all  possible  shades  and  tints,  are  seen  in  our  flower  gardens. 
The  green,  chlorophyll ;  the  yellow  and  orange,  and  certain  reds  as 
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well  are  carotinoids,  and  the  pink,  rose,  red,  a  few  bright  crimsons 
(due  to  acid  combinations),  the  violet,  and  the  blue,  anthocyanins. 
There  are  of  course  many  individual  and  distinct  flower  pigments,  and 
a  considerable  number  have  been  isolated,  studied,  and  given  specific 
names — names  usually  derived  from  the  names  of  flowers  or  plants 
in  which  these  pigments  occur,  as  for  instance  carotin  from  carrots, 
delphinin,  from  delphinium,  peonin,  from  peony.  But  the  fundamen¬ 
tal  and  important  thing  is  that  nearly  all  these  pigments  (with  the 
exception  of  chlorophyll)  can  be  classified  in  one  or  the  other  of  the 
two  groups  aforementioned ;  they  are  either  carotinoids,  to  be  thought 
of  in  connection  with  the  pigment  found  in  the  pumpkin  or  the  carrot, 
or  they  are  anthocyanins,  the  peculiar  sugar  combinations — glucosides 
— which  like  litmus,  are  violet  in  the  free  state,  red  in  combination 
with  acids,  and  blue  in  combination  with  a  metallic  base. 

Autumn  Colors 

In  the  summer  nearly  all  leaves  are  of  some  shade  of  green.  But 
in  the  autumn  when  the  leaf  green  ceases  to  be  formed,  and  gradually 
fades  away,  the  foliage  in  forests  and  fields  develops  the  most  gor¬ 
geous  colors.  And  these  autumn  colors,  also,  are  in  the  main  due  to 
carotinoids  or  to  a  mixture  of  carotinoids  and  anthocyanins.  The 
carotinoids,  as  has  been  stated,  co-exist  with  the  chlorophylls,  but 
are  more  resistive  to  decomposition  than  the  latter,  and  appear  in  their 
full  beauty  when  the  life  processes  in  the  leaf  have  slowed  down,  and 
the  leaf  green  has  disappeared.  The  anthocyanins,  on  the  contrary, 
are  not  normally  present  in  summer  foliage.  Their  formation  comes 
about  when  the  sugar-content  of  the  leaf  increases,  due  to  a  slacken¬ 
ing  of  the  circulation  of  the  plant  sap,  and  when  the  sugar  which  is 
formed  in  the  cells  in  the  leaf  is  no  longer  transported  to  other 
parts  of  the  plant,  and  thus  banks  up.  If  an  injury  to  the 
branch,  either  of  mechanical  origin,  or  due  to  disease,  interferes  with 
the  sap  circulation,  autumn  colors  will  appear  prematurely  in  the 
leaves  affected — a  common  phenomenon  in  our  forests  and  orchards. 
Of  course,  sunlight  is  also  a  factor  in  the  development  of  autumn 
colors,  for  without  sunlight,  anthocyanins  will  not  be  formed,  even 
though  the  sugar  content  be  adequate.  Hence  the  shaded  leaves  will 
not  change  color  as  rapidly  as  do  those  which  are  directly  exposed. 
The  same  is  true  in  case  of  fruits,  like  apples,  which  do  not  turn  red 
with  anthocyanins  unless  they  receive  direct  sunlight — are  sun-kissed. 

Yet  another  factor  in  autumn  coloration  is  found  in  the  weather 
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conditions.  If  cold  weather  comes  suddenly,  and  while  the  leaves  are 
still  full  of  sap,  anthocyanins  will  be  formed  in  great  abundance,  and 
the  sassafras,  sumac,  sugar  maples,  gums,  and  the  oaks  will  present 
their  finest  autumn  display  of  deep  crimson.  If  on  the  other  hand, 
dry  weather  prevails,  and  the  cold  comes  very  gradually,  but  a  meagre 
quantity  of  anthocyanins  will  appear,  and  our  October  landscapes 
will  prove  disappointing,  for  the  leaves  will  slowly  dry  up  and  drop 
off,  without  having  developed  pronounced  autumn  colors. 

In  case  of  flowers  richly  colored  with  anthocyanins,  we  may  pre¬ 
sume  that  their  pigments  serve  a  purpose  in  the  cross  fertilization  by 
the  aid  of  insects,  and  hence  in  the  perpetuation  of  the  species.  But 
in  autumn  foliage  these  plant  constituents  seem  to  be  merely  the 
product  of  modified  metabolism,  not  particularly  useful  to  the  plant, 
but  certainly  making  a  striking  appeal  to  all  who  love  beauty.  For 
what  flower  garden  can  compete  with  the  wonderful  color  effects  of 
our  autumnal  forests,  golden  with  carotinoids,  and  crimson  with 
anthocyanins  !  Unfortunately,  these  gorgeous  pigments  are  evanes¬ 
cent  and  soon  fade,  a  change  which  is  due  to  ferment-action  and  to 
oxidation.  The  leaf  changes  color  gradually  to  a  dull  brown,  or  gray¬ 
ish-brown,  loosens  its  hold,  flutters  away,  upon  the  keen  November 
winds,  to  its  final  resting  place,  and  the  tree  prepares  for  its  long 
winter  sleep.  But  in  the  springtime,  when  the  warm  sunshine  awakens 
the  tree  to  renewed  life  and  activity,  the  sap  again  rises,  the  leaf  buds 
unfold,  the  tiny  laboratories  which  we  call  cells  again  enter  upon 
active  production,  and  chlorophylls  and  carotinoids,  and  anthocyanins, 
too,  appear  once  again,  giving  to  our  vernal  landscapes  the  same  gen¬ 
eral  color  effects — though  softer  and  more  subdued — which  glad¬ 
dened  our  hearts  in  the  fall  preceding.  And  once  again  the  willows 
and  poplars  and  birches  are  mustard  yellow,  with  the  carotinoids 
showing  through  the  green,  while  the  tender  young  leaves  of  our 
oaks  and  other  trees  which  turn  crimson  in  the  fall,  are  in  the  spring¬ 
time  a  beautiful  rose  red,  pigmented  with  anthocyanins,  destined  to 
disappear  when  chlorophyll  develops  in  abundance  and  photosynthesis 
progresses  in  a  normal  manner.  And  thus  winter,  spring,  summer, 
and  fall  of  the  leaf,  year  after  year,  to  the  end  of  time — each  season 
with  its  own  appeal  to  the  eye  which  loves  beauty. 
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ITH  THE  great  expansion  of  industrial  operations  that  began 
about  the  middle  of  the  nineteenth  century,  coal  acquired  great 
importance,  and  it  has  held  that  position  until  comparatively  recently 

when  oil,  volatile  fuels  and  waterpower 
have  begun  to  dispute  seriously  its  reign. 
In  fact,  it  seems  probable  that  coal,  as 
such  will  before  long  he  a  minor  fuel,  but 
will  continue  through  its  transformation 
products  to  be  still  in  active  mining. 

The  term  “coal”  covers  a  considerable 
number  of  mineral  substances  that  are, 
however,  all  related  in  chemical  composi¬ 
tion  and  origin.  The  origin  of  these  de¬ 
posits  is  known,  at  least  as  regards  the 
main  features,  although  some  disagree¬ 
ments  as  to  details  exist  among  geologists.  The  source  is  vegetable 
matter.  It  has  long  been  held  that  the  main  contribution  was  from 
the  trunks  and  branches  of  plants,  and  that  all  deposits  are  found 
where  the  plants  grew.  These  points  have  been  challenged  as  the 
result  of  some  recent  studies  of  microscopic  structure,  inasmuch  as 
it  has  been  found  that  pollen  and  spores  of  cryptogamous  plants  con¬ 
tribute  considerably,  and  it  has  been  inferred  that  much  of  this  mate¬ 
rial  has  been  transported  to  a  point  distant  from  that  at  which  it  was 
produced.  The  question  is  not  of  moment  in  a  general  consideration 
of  the  subject  and  will  not  he  further  discussed. 

In  the  main,  it  may  be  said  that  coal  is  derived  from  the  slow 
oxidation  of  vegetable  matter.  This  can  occur  and  probably  did  often 
occur  in  consequence  of  the  submergence  of  the  material  in  water 
and  mud,  by  which  the  access  of  oxygen  was  greatly  restricted.  Vege¬ 
table  structure  consists  largely  of  carbon,  hydrogen  and  oxygen  and 
the  process  just  noted  will  result  in  diminishing  steadily  the  amount 
of  the  latter  two,  causing  a  steady  increase  in  the  proportion  of  car¬ 
bon.  The  plants  that  have  furnished  by  far  the  largest  amount  of 
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our  coal  deposits  were  allied  to  the  ferns  and  mosses,  but  were  often 
of  much  greater  size  than  any  we  now  see.  It  seems  probable  that 
the  climate  was  milder  and  moister  at  the  period  of  greatest  develop¬ 
ment  of  this  flora,  favoring,  therefore,  the  vigorous  growth  and  also 
furnishing  the  swampy  area  into  which  the  material  might  sink.  A 
great  deal  of  coal  was  formed  in  this  way  during  one  of  the  periods 
of  the  world’s  history,  which  has  been  distinguished  by  geologists  as 
the  “carboniferous”  period,  but  coal  may  be  formed  in  any  place 
and  at  any  time  if  the  conditions  are  favorable.  The  carboniferous 
period  was  merely  one  in  which  extensive  forests  of  peculiar  plants 
throve  and  were  subsequently  submerged.  Very  many  remains  of 


Vegetable  Remains  From  Coal  Measures  of 
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these  plants  occur  in  coal  mines  and  extensive  studies  have  been  made 
of  them.  Of  recent  years,  improved  methods  of  making  sections  and 
preparing  them  for  the  microscope  have  added  very  largely  to  our 
knowledge  of  the  source  and  character  of  coal.  In  many  cases  the 
structure  of  the  plant  is  preserved  in  minute  detail. 

Coal,  occurring  in  forms  that  are  of  the  same  general  type  but 
of  sufficiently  different  quality  to  necessitate  specialization  in  use  and 
distinction  by  name  may  be  roughly  divided  as  a  preliminary  into 
“soft”  and  “hard.”  The  latter  form  specifically  designated  as  “anth¬ 
racite”  is  a  most  excellent  fuel  for  many  purposes,  especially  house¬ 
hold  use.  Pennsylvania  contains  in  its  eastern  area  the  most  exten- 
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sive  and  purest  deposit  of  anthracite  so  far  known.  It  has  been  of 
enormous  value  in  industries,  and  as  a  smokeless  fuel  has  contributed 
to  maintain  a  clear  atmosphere  in  the  great  cities  of  the  Atlantic  sea¬ 
board.  It  consists  of  carbon  with  but  very  small  amounts  of  other 
elements,  and  a  variable  amount  of  ash.  It  is  found  in  the  moun¬ 
tainous  region  of  the  state  and  seems  to  be  the  result  of  a  tremendous 
disturbance  of  the  strata  by  which  the  layers  originally  level,  as  they 
would  be  in  a  swamp,  have  been  tilted  at  a  high  angle,  with  concomi¬ 
tant  heat  and  pressure,  so  that  the  coal  was  compacted  and  all  material 
that  can  be  expelled  by  heating  driven  out.  Anthracite  would  in  this 
view  be  the  “coke”  of  soft  coal.  Now,  ordinary  coke  is  porous,  and 
anthracite  is  compact,  but  ordinary  coke  is  made  under  conditions 
that  allow  it  to  swell,  while  the  formation  of  the  anthracite  took  place 
under  the  pressure  of  rocks  so  that  the  material  could  not  expand. 

The  earliest  condition  which  may  be  classed  as  part  of  the  de¬ 
velopment  of  coal  is  known  as  “peat,"  a  mass  of  tangled  vegetable 
matter  found  in  bogs  and  containing  considerable  moisture,  being 
comparatively  little  changed  from  the  original  form.  Considerable 
activity  is  at  present  noted  in  some  places  in  mining  and  marketing 
peat.  A  further  step  in  transformation  is  presented  in  “lignite”  which 
is  much  more  compact.  Then  there  are  coal  deposits  in  which  greater 
compactness  has  occurred.  All  these  forms  show  a  considerable  re¬ 
semblance  to  ordinary  wood,  in  the  fact  that  when  heated  they  give  off 
a  large  volume  of  gas  of  low  illuminating  power. 

In  the  industrial  field  in  which  enormous  quantities  of  coal  are 
still  being  used,  three  types  are  specially  worthy  of  notice,  bituminous, 
semi-bituminous  and  anthracite.  Pennsylvania  contains  abundant 
supplies  of  all  these  types,  and  if  we  look  at  a  map  showing  the  dis¬ 
tribution  of  them  we  will  find  as  follows :  The  anthracite  section  is 
very  mountainous,  the  deposits  are  mostly  at  great  depths  and  cov¬ 
ered  by  hard  rocks.  The  coal  is  almost  entirely  carbon  with  admixed 
mineral  matter.  It  yields  very  little  gas  on  heating  in  closed  ves¬ 
sels,  burns  without  smoke  and  in  the  open  with  no  definite  flame 
and  is  quite  hard.  It  may  be  crushed  without  powdering,  and  hence 
can  be  broken  into  sizes  which  can  be  assorted  so  as  to  be  adapted 
to  particular  uses.  It  is  with  anthracite  alone  that  we  have  the  well- 
known  classifications  into  “stove,”  “egg,”  “pea,”  etc.  It  is  eminently 
suited  for  household  use  and  the  recent  rise  in  price  and  uncertainty 
of  supply  have  been  serious  interferences  with  economic  and 
cleanly  housekeeping. 
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When  we  pass  to  the  semi-bituminous  region  of  the  state  we 
find  a  moderate  degree  of  disturbance  of  strata,  the  coal  seams  being 
somewhat  distorted,  indicating  that  they  have  been  subjected  to  some 
heating  and  pressure.  The  amount  of  hydrogen  is  considerable,  and 
the  coal  when  heated  in  closed  vessels  yields  much  gas,  but  not  of 
high  illuminating  power.  Semi-bituminous  coal  is  especially  suited 
to  steam-making.  It  has  a  high  heating  value  on  account  of  the 
hydrogen  content,  and  it  takes  fire  readily.  For  the  latter  reason  it 
is  suitable  for  locomotive  and  steamship  firing  as  the  fresh  fuel  ignites 
promptly  thus  enabling  the  engineer  to  maintain  the  steam  pressure. 
Further  west  the  strata  become  level  and  the  coal  is  rich  in  hydrogen, 
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having  undergone  comparatively  little  change  from  its  original  con¬ 
dition  except  some  compacting.  These  are  the  true  bituminous  coals, 
which  in  earlier  days  were  known  as  “gas-coals,”  because  they  were 
used  in  the  manufacture  of  illuminating  gas.  They  yield  about  five 
cubic  feet  of  gas  of  high  illuminating  power  to  the  pound.  This 
method  of  making  illumination  gas  has  given  way  to  the  so-called 
“water-gas"  and  the  high  bituminous  coals  are  now  much  less  used 
for  such  purposes. 

The  mining  of  coal  is  generally  a  difficult  and  dangerous  occu¬ 
pation.  Seams  are  usually  far  underground  and  covered  by  rocks. 
The  coal  has  to  be  reached  by  deep  shafts  or  long  tunnels  and  as 
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much  combustible  matter  in  both  gaseous  and  powdered  form  is  of 
frequent  occurrence,  dangers  to  life  and  limb  are  always  present. 
Many  of  the  important  materials  that  are  taken  from  the  earth  such 
as  building  stone,  metalliferous  ores  and  fertilizers,  are  obtained  in 
open  quarries  or  near  the  surface,  moreover,  these  deposits  are  not 
as  a  rule  associated  with  combustible  gases  or  dusts.  For  these  rea¬ 
sons  as  well  as  the  great  extent  of  coal  mining,  we  find  frequent  dis¬ 
asters,  often  marked  by  great  loss  of  life.  In  the  early  days  of  ex¬ 
tensive  mining  of  coal,  soft  coal  was  the  only  form  obtained  and 
it  was  generally  thought  that  the  explosions  were  due  entirely  to  the 
gases  escaping  from  the  seams.  It  is  now,  however,  well  established 
that  many  combustible  substances  finely-powdered,  will  form  with 
air  highly  explosive  mixtures.  Many  serious  disasters  have  been 
thus  caused.  Ordinary  dust,  flour  and  starch-dust,  even  fine  alumi¬ 
num-dust  will  in  this  way  cause  great  injury.  In  some  experiments 
made  by  the  United  States  Bureau  of  Mines  it  was  found  that  starch- 
dust  is  one  of  the  most  dangerous  substances  when  mixed  with  air. 

The  United  States  mines  about  half  a  billion  of  tons  of  coal  in 
a  year,  most  of  which  is  of  the  soft  form.  Vast  deposits  of  such 
coal  are  found  in  many  parts  of  the  world  and  there  does  not  seem 
to  be  any  likelihood  of  exhaustion  of  supply  within  reasonable  time. 
The  methods  of  mining  are  in  the  main  the  same  all  over  the  world, 
though  in  a  few  places  the  fuel  is  close  to  the  surface  and  requires  but 
little  uncovering.  Anthracite  mines  are  usually  deep.  The  masses  of 
coal  are  often  very  thick.  One  of  the  seams  in  the  neighborhood  of 
Mauch  Chaunk,  Pa.,  is  about  sixty  feet  thick.  It  is  known  as  the 
mammoth  vein”  and  the  rocks  are  so  highly  tilted  that  the  vein  seems 
to  turn  on  a  knife-edge  as  it  rises  on  the  other  side  of  a  narrow  valley. 

Coal  is  often  broken  out  by  blasting,  but  care  must  be  taken  in 
such  work  as  there  is  danger  of  firing  the  surrounding  air  if  gas  or 
dust  is  present,  and  also  it  is  not  desirable  to  break  the  coal  into  very 
small  pieces.  As  is  well-known,  anthracite  is  of  less  value  in  small 
fragments  than  in  large.  Special  explosives  have  been  devised  for 
coal  blasting.  Among  other  forms,  a  mixture  of  liquid  air  with 
combustible  material  has  been  used  with  advantage.  Ventilation  of 
mines  has  been  also  much  studied  and  in  many  countries  is  regulated 
by  law.  The  Pennsylvania  anthracite  mines  are  mostly  very  well 
ventilated. 

In  anthracite  mines  the  coal  is  brought  up  to  the  top  of  a  large 
building  called  a  breaker,  where  it  is  allowed  to  pass  through  screens 
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which  separate  it  into  sizes.  The  slate  is  picked  out  by  “breaker 
boys”  and  discharged  into  cars. 

The  first  anthracite  to  come  to  Philadelphia  was  a  small  lot  which 
was  regarded  as  worthless  and  the  person  who  brought  it  was  obliged 
to  leave  the  city  in  haste,  being  accused  of  selling  “black  stones.” 
Afterwards  the  methods  of  burning  it  were  discovered  and  it  became 
a  popular  fuel.  It  requires  to  be  “let  alone,”  while  soft  coals  will 
bear  and  even  need  some  stirring.  The  first  year  that  anthracite  was 
regularly  supplied  to  Philadelphia,  365  tons  were  brought,  an  aver¬ 
age  of  one  ton  per  day. 

It  is  not  necessary  to  point  out  that  coal  mining  and  the  many 
uses  of  coal  have  been  subject  to  the  inventive  talent  which  has  been 
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so  characteristic  of  the  last  hundred  years.  The  introduction  of  elec¬ 
tricity  both  for  illuminating  and  motor  purposes  has  diminished  the 
dangers  of  mining,  but  these  are  still  great.  Distillation  of  soft  coals 
at  low  temperatures  promises  new  and  valuable  results  in  regard  to 
the  quality  of  coke  and  the  composition  of  the  by-products.  The 
high  price  of  anthracite  with  the  liability  to  interruption  of  the  min¬ 
ing  by  strikes  has  brought  about  the  substitution  of  soft  coal  and 
caused  a  serious  increase  in  the  smokiness  of  industrial  regions. 
There  is  some  hope  that  the  extension  of  water  power,  called  by  the 
engineers  of  Continental  Europe  “white  coal,”  and  the  development 
of  central  plants  with  electric  power  transmission  will  eliminate  the 
smoke  nuisance  which  is  prejudicial  to  public  health  and  public  com- 
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fort.  Already  the  gasoline-driven  “bus”  is  making  inroads  on  the 
electric  and  steam  roads.  It  is  hoped  that  before  long  we  will  see 
a  return  to  the  clear  skies  that  once  were  the  regular  sights  of  our 
eastern  seaboard  cities. 

The  increasing  cost  of  coal  and  the  liability  of  interruption  of 
its  supply  by  strikes,  together  with  the  mechanical  problem  of  firing 
it,  has  caused  much  investigation  with  the  view  of  economizing  both 
material  and  labor.  Search  for  substitutes  has  been  also  pursued 
with  much  activity  and  as  noted  above  the  internal  combustion  engine 
as  developed  in  the  automobile  has  been  extensively  applied.  Elec¬ 
tricity  direct  or  by  means  of  currents  produced  by  gasoline  engines 
has  been  widely  adopted,  many  of  the  suburban  “bus”  lines  being- 
run  by  such  means.  Water,  tidal  and  wave  power  have  been  studied. 
Waterpower  has  indeed  come  into  extensive  use,  but  the  utilization 
of  the  tides  and  waves  is  yet  to  be  attained  in  a  practical  form. 

In  the  preparation  of  coal  for  the  market,  much  breakage  occurs 
especially  with  the  soft  coals.  This  causes  a  loss  of  value  as  the 
large  fragments  usually  command  a  higher  price.  With  semi-bitumi¬ 
nous  coal  as  mined  in  the  eastern  part  of  the  United  States  a  large 
proportion  of  the  product  comes  as  a  coarse  powder,  inconvenient 
to  fire,  and  liable  to  make  much  smoke,  besides  causing  a  considerable 
amount  of  dirt  in  the  street  and  in  the  boiler  room.  Many  processes 
have  been  devised  for  incorporating  this  loose  material  into  small 
compact  masses — usually  termed  briquets — but  as  yet  these  methods 
have  not  been  much  employed  in  the  United  States.  During  anth¬ 
racite  strike  in  the  winter  of  1925-6,  briquets  were  much  used,  but 
in  many  cases  the  inexperience  of  the  firemen  led  to  a  lack  of  com¬ 
plete  combustion.  Samples  could  be  found  in  the  ash-heap  in  which 
only  the  exterior  was  utilized ;  a  large  proportion  of  the  mass  had 
not  yielded  any  heat.  Briquets  are  in  rather  common  use  in  some 
places  on  the  continent  of  Europe.  Another  plan  for  utilizing  coal 
is  powdering  it.  Much  inventive  talent  has  been  expended  on  this 
method  and  the  operation  has  been  brought  to  a  pretty  high  degree 
of  efficiency.  A  serious  difficulty  is  the  liability  of  the  powdered 
material  to  spontaneous  combustion.  This  is  probably  due  mainly  to 
sulphur  compounds  which  are  always  present  in  coal,  sometimes 
in  considerable  proportion.  Sulphur  is  the  really  objectionable  im¬ 
purity  in  coal.  It  is  partly  present  as  iron  sulphide,  but  some  is  in 
the  organic  substances  derived  from  the  original  vegetable  structures. 
The  main  objection  to  it  is  that  when  the  fuel  is  burned  it  is  con- 
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verted  into  sulphur  dioxide  which  takes  up  water  from  the  air,  form¬ 
ing  sulphurous  acid,  and  this  subsequently  oxidizes  to  sulphuric  acid, 
a  very  corrosive  substance.  The  air  of  all  places  in  which  common 
coal  is  used,  directly  or  indirectly,  is  always  polluted  by  sulphur  acids, 
and  much  harm  is  done  to  metal  work,  roofs,  telegraph  and  telephone 
wires,  spouts  and  similar  structures.  The  acids  are  distributed  in 
the  lower  levels  of  the  air  and  are  carried  down  by  rain.  Of  course, 
so  far  as  the  telegraph,  telephone  and  electric  light  wires  are  con¬ 
cerned,  the  remedy  is  simple.  All  such  should  be  put  underground. 
The  stringing  through  our  streets  of  large  numbers  of  wires  carrying 
heavy  currents  is  an  objectionable  practice.  It  not  only  disfigures 
the  streets,  but  introduces  a  danger  to  life  and  property.  Powdered 
fuel  is  burned  by  means  of  jets.  With  proper  care  the  combustion 
is  complete.  The  liability  to  spontaneous  combustion  when  stored 
has  caused  the  invention  of  apparatus  by  which  it  may  be  powdered 
but  a  short  time  before  its  use.  It  is  smokeless  and  no  appreciable 
ash  is  collected,  but  it  must  be  borne  in  mind  that  the  absence  of  ash 
is  apparent  only,  for  this  is  in  a  very  fine  condition  and  is  blown 
out  of  the  chimney  and  distributed  over  the  neighborhood.  An 
extensive  introduction  of  powdered  fuel  will  probably  give  rise  to  a 
very  dusty  atmosphere  in  our  cities.  Such  a  condition  may,  how¬ 
ever,  be  preferable  to  the  smoke  nuisance  which  has  become  so  serious 
now  in  almost  all  parts  of  the  world  where  coal-consuming  industries 
are  developed. 

The  concentration  of  coal  combustion  at  the  mines  and  the  trans¬ 
mission  of  the  power  thus  obtained  by  electric  systems  has  been  often 
suggested  and  would,  it  seems,  be  a  very  satisfactory  solution  of  the 
coal  problem.  The  transportation  of  coal  from  the  mines  to  the  user 
constitutes  a  great  part  of  the  cost,  and  by  this  means  all  this  would 
be  saved.  Electric  transmission  of  power  has  now  reached  a  high 
degree  of  efficiency  and  it  is  to  be  hoped  that  some  steps  will  be  taken 
to  try  out  the  plan  on  a  small  scale  to  determine  its  practicability. 


ENVIRONMENT— THE  BIG  FACTOR  IN  HEALTH  AND 

DISEASE 


By  Louis  Gershenfeld,  Ph.  M.,  B.  Sc.,  P.  D. 

Professor  of  Bacteriology  and  Hygiene 


THE  MORE  intelligent  the  individual  the  more  varied  will  be 
his  definition  of  a  word  or  words.  There  is  little  doubt  in  my 
mind,  however,  that  the  meaning  of  the  two  words,  health  and 

disease,  is  clear  to  all. 

Health  is  a  condition  which  we  all 
admit  is  desirable.  Disease  is  undesir¬ 
able. 

What  is  it  worth  to  you  that  you 
and  yours  should  not  have  this  or  that 
disease?  Can  you  realize  what  Avould  be 
the  increase  in  the  sum  total  of  human 
happiness,  and  the  well  being  of  every 
individual  socially  and  economically,  if 
disease  were  to  be  banished  from  earth? 
Indeed,  it  is  almost  impossible  at  present 
to  place  a  value  on  public  health  work,  and  the  old  adage,  “Public 
health  is  public  wealth,”  still  rings  true. 

Many  individuals  go  along  blindly  in  the  path  of  their  ancestors. 
Sooner  or  later  some  bitter  experience  proves  to  them  conclusively 
that  the  old  methods  are  all  wrong.  Knowledge  about  one’s  self 
never  does  harm.  Health  data  is  information  of  constructive  use¬ 
fulness  and  something  which  is  more  than  merely  facts.  It  is  some¬ 
thing  that  can  make  one  happy.  Ignorance  of  health  facts  is  not  a 
bliss.  It  will  turn  out  to  be  not  only  expensive  but,  frequently,  grave 
consequences  may  result. 

I  am  willing  to  agree  that  some  of  these  health  problems  are  to 
be  solved  solely  by  the  individual,  but  without  the  aid  of  knowledge 
and  the  understanding  of  these  facts,  a  wise  solution  is  impossible  by 
any  individual.  Remember  that  understanding  goes  before  improve¬ 
ment.  To  do  good,  one  must  know  what  good  is. 

Intelligent  and  valuable  information  concerning  health  should 
not  be  denied  by  ignoring  its  existence.  Either  we  must  look  at  con¬ 
ditions  as  they  are  and  try  to  combat  them  intelligently,  or  we  will 

(62) 


Prof.  Louis  Gershenfeld 


ENVIRONMENT - THE  BIG  FACTOR  IN  HEALTH  AND  DISEASE  63 

have  to  continue  enduring  the  tragedies  that  result.  It  is  a  pity,  but 
nevertheless  a  fact,  that  many  persons  are  lost  because  of  their  ig¬ 
norance. 

Death  is  inevitable.  Disease  need  not  be. 

Why  should  man,  who  is  always  striving  and  facing  destiny  in 
a  manly  way,  be  confronted  by  disease?  By  finding  remedies  to  com¬ 
bat  the  latter,  there  is  conferred  on  mankind  that  most  invaluable 
gift — health. 

We  speak  of  educating  the  unfit.  But  why  not  educate  the  fit 
before  they  become  unfit?  Unfortunately  the  unfit  are  frequently 
helpless,  careless,  always  indifferent,  often  not  intelligent,  and  unre¬ 
liable.  The  truth  of  the  matter  is  that  the  greater  injury  to  life  re¬ 
sults  from  the  general  public,  who  are  healthy  and  fit.  Harm  results 
to  the  community  from  the  indifference  of  this  big  group.  They 
show  neither  interest  nor  desire  to  know  the  scientific  facts  relating 
to  health,  and  are  either  selfish,  stupid,  indifferent,  or  they  do  not 
have  the  conception  of  life  in  the  sense  they  are  merely  one  of  many 
millions  existing  as  a  part  of  a  co-operative  body  in  this  universe. 
Interest  in  health  problems  on  the  part  of  the  public  will  aid  consid¬ 
erably  in  controlling  disease  conditions  and  in  reducing  death  rates. 

Science  attempts  to  do  away  with  thoughtless  and  indifferent 
custom.  Its  aim  is  to  help  humanity  a  little  more  knowingly  than  in 
the  past.  Its  fondest  wish  is  to  give  everyone  the  possibility  of  mu¬ 
tual  joy  which  can  be  attained  by  a  healthy  body  and  a  sanitary  en¬ 
vironment  as  essential  requirements. 

That  a  man  is  subject  to  more  diseases  than  fish  or  even  lower 
forms  of  life  does  not  prove  that  the  fish  is  the  higher  form.  We 
alone  are  responsible  for  many  of  the  unnecessary  diseases  that  we 
have  to  endure.  The  more  intensive  our  lives,  the  more  severe  will 
be  the  contest  with  disease. 

We  differ  from  the  lower  forms  in  many  essential  ways.  Both 
have  the  physical  body.  Only  slight  progress  is  made  by  the  lower 
forms  and  what  little  they  possess  is  transmitted  from  parent  to 
young.  Human  development  goes  further.  In  addition  to  the  use 
of  our  greater  developed  brains,  our  hands  are  at  our  service. 

We  react  to  the  influence  of  environment  as  do  other  animals. 
But  we  have  initiative — nature’s  gift  to  man,  which  enables  him  to 
modify  or  change  his  environment  and  to  govern  his  conduct  and 
even  impulses  by  ideas.  There  is  a  great  deal  of  truth  in  the  state¬ 
ment  that  health  is  what  you  make  it.  Happiness  and  progress  of 
man  depends  so  much  upon  his  own  actions  and  behavior. 
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It  is  within  our  power  to  make  this  world  a  far  more  ideal  place 
by  contributing  to  the  development  of  a  better  race — surely  improv¬ 
ing  from  generation  to  generation. 

It  is  unfortunate,  but  nevertheless  true,  that  we  pay  more  atten¬ 
tion  to  the  raising  of  good  cattle,  horses,  yes,  even  hogs,  as  well  as 
other  animals,  than  we  do  to  the  raising  of  the  right  kind  of  people. 
This  is  due  to  the  fact  that  animals  are  regarded  as  property  and  we 
have  always  cared  more  for  the  protection  and  preservation  of  prop¬ 
erty  than  of  human  life. 

If  it  were  a  question  of  a  weak  department  in  a  big  business 
enterprise,  experts  would  be  called  in  at  once  to  remedy  the  situa¬ 
tion.  Something  would  be  done  immediately  to  prevent  wrecking  the 
entire  business  machine. 

One’s  auto  is  overhauled  at  frequent  intervals  in  order  to  get 
the  best  and  most  out  of  it.  Many  individuals,  however,  never  stop 
to  give  a  little  attention  to  themselves  (human  machines  that  they 
are),  or  to  their  surroundings.  They  then  wonder  why  their  pro¬ 
duction  is  affected.  We  expect  or  demand  soundness  of  everything. 
But  we  fall  short  of  this  standard  when  we  deal  with  the  body  and 
actions  of  humans. 

Many  are  unfit  who  could  develop,  but  they  are  either  condemned 
or  voluntarily  place  themselves  in  surroundings  that  are  not  conducive 
to  decent  and  healthy  life. 

Man  is  the  most  adaptable  of  all  species.  He  also  has  the  greater 
capacity  for  modifying  the  environment  to  suit  his  needs.  At  times 
he  is  even  capable  of  going  one  step  further.  He  can  devise  means 
whereby  he  can  make  his  environment  subservient  to  him.  Wielding 
such  power,  humans  can  and  should  make  their  living  better,  hap¬ 
pier,  easier,  but  instead,  they  continually  check  their  own  develop¬ 
ment  by  their  actions.  There  are  many  factors  which  operate  di¬ 
rectly  or  indirectly  to  bring  about  disease.  One  can  divide  these  into 
the  immediate  causes,  which  are  direct,  and  the  remote  causes,  which 
are  indirect.  The  latter  operate  in  such  a  manner  as  to  reduce  the 
resistance  or  physical  powers  of  the  human  body  and  thus  make  it 
possible  for  disease  conditions  to  set  in. 

One  may  also  conveniently  divide  the  causes  of  disease  into  the 
predisposing  and  the  exciting  causes.  In  the  former  group  are  in¬ 
cluded  those  conditions  which  were  previously  mentioned  as  remote 
causes,  and  embracing  such  factors  as  ventilation,  sunlight,  climate 
and  atmospheric  conditions,  food,  drink,  clothing,  fatigue,  etc.  There 


ENVIRONMENT - THE  BIG  FACTOR  IN  HEALTH  AND  DISEASE  65 

are  also  other  important  factors  included  in  the  predisposing  factors 
to  disease. 

These  are  sex,  age,  hereditary  and  family  influences,  density  of 
population,  occupation,  sanitary  conditions  of  environment,  etc.  One 
can  see  that  environment  controls  directly  and  indirectly  many  of  the 
factors  that  are  grouped  as  the  predisposing  causes. 

The  exciting  causes  of  disease  are  the  actual  agents  producing 
the  disease.  They  are  the  same  as  the  immediate  causes,  which  in¬ 
clude,  (a)  physical  causes,  brought  about  by  injuries,  burns,  etc.; 
(b)  chemical  causes,  such  as  contact  with  poisonous  chemicals  and 
drugs,  etc.,  and  (c)  the  vital  causes.  The  latter  include  the  invasion 
of  the  specific  elements  or  agents  that  are  the  causative  agents  of 
disease. 

The  actual  invasion  of  the  infective  agent  is  indeed  a  potent  fac¬ 
tor.  But  sanitary  environmental  conditions  can  reduce  the  presence 
of  these  agents  to  a  minimum.  And  again,  the  power  that  an  indi¬ 
vidual  may  possess  to  resist  the  aggressive  inroads  of  the  infective 
agent  is  as  great,  if  not  a  greater  factor,  than  the  presence  of  the 
causative  agent.  It  is  surely  a  greater  factor  than  is  realized  by 
people  today.  Here  again  may  I  state  that  this  resistant  factor  is 
greatly  enhanced  or  reduced  by  environmental  conditions. 

It  will  be  impossible  for  me  to  attempt  to  cover  in  detail  this 
subject  in  the  limited  time  allotted  here.  I  will  consider  at  this  time 
those  important  environmental  factors  which  humans  can  control  and 
modify.  The  main  purpose  of  this  talk  is  to  bring  it  to  your  atten¬ 
tion  and  interest  you  to  study  it  further,  as  should  be  your  duty  as  a 
member  of  a  community.  It  is  strange,  but  nevertheless  a  fact,  that 
individuals  expect  their  local  health  authorities  to  protect  them  com¬ 
pletely  against  disease.  They  themselves  give  but  little  assistance  in 
attempting  to  protect  themselves.  Few  appreciate  the  trouble  taken 
to  insure  good  health  in  a  community.  Others,  on  the  other  hand, 
overstep  their  boundaries.  It  reminds  me  of  a  statement  made  in  “A 
Budget  of  Paradoxes” :  “A  person  of  small  knowledge  is  in  danger 
of  trying  to  make  his  little  do  the  work  of  more ;  but  a  person  with¬ 
out  any  is  in  more  danger  of  making  his  no  knowledge  do  the  work 
of  some.” 

Your  familiarity  with  many  of  these  environmental  factors  is 
such  that  mere  mention  of  them  will  suffice.  There  are  others,  how¬ 
ever,  which  will  be  considered  more  fully  so  as  to  bring  to  your  at¬ 
tention  various  facts  which  concern  you  and  the  community  at  large. 
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Why  should  it  be  necessary  in  these  modern  times  to  remind 
people  of  cleanliness,  or  the  value  of  tidiness?  Personal  or  private 
cleanliness  may  be  on  a  high  plane  in  this  country  today.  But  the 
same  cannot  be  said  concerning  the  tidiness  of  our  surroundings.  In 
the  treatment  of  the  latter  we  have  much  to  be  desired.  A  great  por¬ 
tion  of  this  can  be  traced  to  care-free  citizens  who  either  are  unwill¬ 
ing  to  co-operate  or  are  naturally  careless. 

Unhealthy  surroundings  and  overcrowding  are  the  most  impor¬ 
tant  of  these  environmental  factors.  The  important  problems  that 
concern  health  authorities  so  as  to  make  our  surroundings  a  fit  place 
to  live  in  are : 


Water  Supply 

Water  is  one  of  the  indispensable  requirements  of  life.  The 
water  we  drink  and  the  water  we  swim  or  bathe  in  may  be  the  source 
of  considerable  trouble.  Typhoid  as  a  disease  caused  by  polluted 
water  is  well  known  to  you  all.  The  relation  of  polluted  water  to 
outbreaks  of  cholera,  dysentery,  and  other  intestinal  diseases  is  well 
established.  These  diseases  have  been  virtually  eliminated  in  com¬ 
munities  where  the  water  supply  is  carefully  watched. 

Milk  Supply 

Milk  is  one  of  the  most  frequently  used  articles  of  food.  A 
number  of  diseases  may  be  conveyed  through  contaminated  milk. 
This  may  be  derived  directly  from  the  cow,  but  more  frequently 
from  the  utensils,  or  those  who  assist  in  the  collection  and  marketing 
of  the  product.  Scarlet  fever,  streptococcus  sore  throat,  diphtheria, 
typhoid  fever,  dysentery,  cholera,  diarrhoeal  conditions,  and  probably 
tuberculosis,  have  been  traced  to  impure  milk  supplies.  Mortality 
among  bottle-fed  children  and  milk-borne  diseases  in  humans  have 
been  markedly  reduced  by  the  present  methods  of  sanitation  prac¬ 
ticed  in  the  milk  industry. 

Foods 

By  taking  care  of  plant  and  animal  life,  we  obtain  all  the  food 
necessary  for  humans  on  this  earth.  By  caring  for  and  improving 
humanity  in  the  same  manner,  a  continuous  and  cumulative  progress 
will  result.  Any  food  may  be  contaminated  by  organisms  that  will 
produce  disease  of  one  kind  or  another.  Such  contamination  may 
be  due  to  infected  food,  or  it  is  more  apt  to  have  become  unfit  during 
its  preparation  for  the  market. 
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Other  than  the  introduction  of  actual  infective  agents,  poor 
foods  ( i .  e.,  foods  low  in  nutritive  value),  produce  improper  nourish¬ 
ment.  This,  in  turn,  may  retard  physical  and  mental  development. 

Health  authorities  are  therefore  interested  in  foods  to  see  that 
they  are  perfect,  not  adulterated  or  contaminated  with  micro-organ¬ 
isms  or  poisons.  They  are  compelled  to  watch  not  only  the  producer 
or  manufacturer,  but  also  the  shipper,  to  see  that  the  product  is  pre¬ 
served  properly.  Restaurants,  markets,  storage  houses,  the  quick 
lunch  house,  the  soda  fountains,  the  street  vendors  and  all  food  han¬ 
dlers,  are  kept  under  observation.  General  sanitary,  as  well  as  per¬ 
sonal  hygienic  conditions,  are  investigated  during  frequent  inspec¬ 
tions.  The  sanitarian  guards  the  quality  of  the  food  until  it  reaches 
the  consumer. 

In  the  proper  care  of  foodstuffs,  we  have  many  eloquent  and 
practical  exhibitions  of  the  way  in  which  disease  may  be  reduced  by 
scientific  methods  of  environmental  control. 

Sewage,  Garbage  and  Waste  Disposal 

Sewage  must  be  treated  so  as  to  reduce  to  a  minimum  its  con¬ 
tent  of  infective  agents  and  the  offensive  and  poisonous  products  of 
decomposition.  Sewage  discharged  into  waters  or  environments  that 
because  of  tide,  current  or  other  means,  may  be  eventually  deposited 
on  the  shore  or  soil,  upon  oyster  beds,  or  find  its  way  into  our  drink¬ 
ing  water  and  foods,  will  endanger  not  only  our  comfort,  but  also 
our  health,  unless  disinfection  of  the  sewage  is  practiced. 

From  the  sanitary  viewpoint,  garbage  is  a  nuisance,  inasmuch 
as  it  forms  a  favorable  breeding  place  for  flies  and  other  pests.  Its 
decomposition  results  in  the  production  of  disagreeable  odors  that 
will  pollute  the  atmosphere. 

Ashes,  refuse  and  other  waste  material,  unless  properly  taken 
care  of,  may  act  as  a  nuisance  and  a  menace  to  our  health.  It  is  to 
be  regretted  that  the  collection  of  garbage,  ashes  and  waste  and  their 
disposal  in  many  of  our  communities,  are  unsanitary.  Many  of  the 
disgusting  sights  and  smells  can  be  eliminated.  We  have  not  yet 
reached  the  same  perfection  from  a  sanitary  viewpoint  as  is  prac¬ 
ticed  in  many  of  the  European  countries  in  the  disposal  of  waste. 

The  utilization  and  purification  of  manufacturing  wastes,  the 
elimination  of  offensive  odors,  smoke  and  dust,  from  our  atmos¬ 
phere  and  the  ever-increasing  annoyance  of  objectionable  fumes 
from  automobile  exhausts  are  the  great  pollution  problems  facing 
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the  health  officer.  Measures,  especially  those  measures  favoring  a 
proper  restraint  on  trade  wastes  pouring  into  streams  have  been  criti¬ 
cized  and  have  received  all  kinds  of  snags,  and  as  a  result  progress 
is  very  slow.  Additional  experimental  data,  more  earnest  co-opera¬ 
tion  and  severe  punishment  of  habitual  offenders,  are  needed  to  make 
our  water  supplies  and  our  atmosphere  safe  and  free  from  impuri¬ 
ties. 

During  recent  years  much  has  been  done  to  reduce  to  a  mini¬ 
mum  dust-laden  atmospheres  as  may  be  found  in  the  work  shops  of 
certain  industries.  This  has  resulted  in  a  marked  lowering  of  the 
frequency  of  disease  among  the  workers.  The  results  would  be  the 
same  in  our  cities  if  the  community  at  large  would  demand  as  well 
as  co-operate  in  reducing  the  pollution  of  our  atmosphere. 

Ventilation,  Lighting  and  Heating 

Natural  ventilation,  favored  by  the  intelligent  opening  of  win¬ 
dows,  etc.,  will  keep  the  air  of  homes  and  small  buildings  reasonably 
pure  without  causing  discomfort.  Artificial  ventilation  may  fortify 
natural  means  when  the  latter  are  inadequate.  Sound  scientific  ex¬ 
perimentation  has  replaced  guesswork.  As  a  result  effective  remedies 
for  bad  ventilation  have  been  made  possible. 

The  proper  lighting  is  of  great  importance  not  only  in  the  home, 
but  also  in  industries;  in  fact,  everywhere.  In  many  of  our  mod¬ 
ern  establishments  ventilation  and  illumination  are  as  perfect  as  sci¬ 
ence  can  make  them.  This  benefits  the  worker,  whose  efficiency  is 
improved. 

Remember  that  foul  air  and  darkness  or  poor  lighting  will  sap 
the  vitality  of  any  thing  that  grows. 

Heating  must  always  be  considered  in  connection  with  ventila¬ 
tion.  Custom,  occupation  and  the  effects  on  air  circulation  are  some 
of  the  influences  which  affect  the  methods  of  heating.  The  value  of 
this  on  our  health  can  be  readily  appreciated. 

Contagious  disease  control,  through  quarantine,  isolation,  vac¬ 
cination,  disinfection  where  practical,  hospitalization,  etc.,  have  ac¬ 
complished  much  in  reducing  the  terrors  of  epidemics.  The  result 
and  accomplishments  here  alone  justify  the  continuance  of  public 
health  work. 

The  dead  (especially  those  who  have  died  of  contagious  dis¬ 
eases),  as  disseminators  of  disease,  is  a  factor  which  is  frequently 
overlooked.  Burial  within  twenty-four  hours  should  be  practiced  if 
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embalming  is  not  performed.  Ice-box  refrigeration  for  cadavers 
who  have  died  from  contagious  diseases,  should  not  be  allowed,  es¬ 
pecially  if  a  public  funeral  is  to  be  held.  Cold  does  not  kill  infective 
agents  within  the  short  time  that  a  body  is  generally  exposed.  Chem¬ 
ical  disinfection,  as  in  embalming,  actually  kills. 

The  housing  problem  is  and  always  will  be  a  factor  in  the  health 
progress  of  the  individual  and  the  community.  Room  and  land  over¬ 
crowding,  general  cleanliness,  water  supply,  drainage,  plumbing,  dis¬ 
posal  of  all  waste,  exclusion  of  insects  and  other  pests,  light,  ventila¬ 
tion,  heating  and  humidity,  are  some  of  the  essential  features  of 
proper  housing.  It  is  true  that  the  solution  is  partially  economic, 
but  this  should  be  made  a  secondary  consideration.  Civilization  as 
a  whole  directly  benefits  by  the  correction  of  any  condition  that  af¬ 
fects  the  health  of  a  portion  of  a  community  or  even  one  individual. 
The  ultimate  gain  always  justifies  the  expense  toward  obliterating 
sources  of  disease.  There  is  this  to  be  said  about  the  homes  of  the 
poor.  They  may  be  shabby,  but  they  can  and  should  be  kept  clean. 
Shabbiness  may  signify  distress,  but  dirt  and  filth  generally  signify 
carelessness. 

Few  individuals  will  associate  plumbing  with  health  work.  Yet 
it  is  a  fact  that  modern  sanitary  plumbing  has  developed  primarily 
as  a  health  necessity.  Not  only  does  this  make  living  conditions  bet¬ 
ter  but  poor  plumbing  resulting  in  leakages  may  show  a  relationship 
to  some  diseases.  It  was  not  so  many  years  ago  when  the  old  lead 
pipes  were  also  instrumental  in  producing  disorders  in  humans  due 
to  the  accumulation  of  the  lead  dissolved  by  the  water  which  was 
consumed. 

The  ridding  of  homes  and  environments  of  insects  and  all  pests 
is  of  great  importance.  This  is  due  to  the  fact  that  the  latter  are 
not  only  annoying,  but  they  may  be  disseminators  of  disease.  A 
proper  system  of  surface  drainage  for  the  eradication  of  mosquitoes, 
screening,  proper  covering  and  disposal  of  garbage,  rubbish  and  de¬ 
caying  vegetation,  general  cleanliness  in  and  around  the  home,  and 
the  proper  use  of  exterminating  agents  are  some  of  the  important 
features  that  are  being  employed  in  the  campaign  aiming  towards 
the  elimination  of  pests  of  all  kinds. 

Industrial  Hygiene 

The  importance  of  hygiene,  sanitary  inspections,  medicine  and 
surgery  in  industry  should  be  strongly  emphasized.  Excellent  work 
has  been  accomplished  in  making  factories,  shops  and  everywhere 
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where  we  work  more  sanitary.  This  has  resulted  in  ( I )  constant 
health  supervision,  (2)  periodic  physical  examinations,  (3)  selective 
work  according  to  physical  qualifications,  (4)  adequate  sanitary,  med¬ 
ical  and  surgical  care,  (5)  prevention  of  disease  and  accidents. 

There  are  specific  hazards,  direct  or  indirect  in  every  occupa¬ 
tion,  but  proper  safeguards  will  help  greatly  to  reduce  these  to  a 
minimum.  Just  as  important,  however,  is  the  personal  element 
among  the  workers.  Their  habits,  rest,  amusements,  other  living 
conditions  and  home  environments  generally  influence  their  activi¬ 
ties  in  the  workshop.  Teach  them  the  importance  of  personal  hygiene 
and  general  sanitation  in  the  home  and  in  their  daily  routine,  and  you 
will  find  that  there  will  be  an  advance  in  the  conservation  of  life  and 
in  the  efficiency  in  the  various  industries.  Just  as  safety  devices  need 
to  be  supplemented  by  safety  education,  so  the  actual  practice  of  hy¬ 
giene  and  sanitation  needs  to  be  supplemented  by  health  talks  and 
health  educational  data.  Such  education  will  impress  on  the  individ¬ 
ual  worker  his  responsibility  not  only  for  his  own  health  and  safety 
but  also  for  the  health  and  safety  of  others. 

Most  employees  have  learned  to  appreciate  the  value  of  health 
talks,  physical  examinations,  data  concerning  sanitation,  safety,  gen¬ 
eral  welfare  and  related  matters.  Workers  in  industrial  establish¬ 
ments  have  benefited  by  the  efforts  made  by  health  officials  and  the 
industrial  employers. 


Nuisances  and  Accidents 

The  number  of  individuals  who  are  disabled  by  accidents  in  in¬ 
dustries  and  in  civil  life  is  much  greater  than  need  be.  At  least  three- 
fourths  of  all  accidents  can  be  prevented.  Safety  measures,  legisla¬ 
tion  and  education  have  helped  and  is  helping  to  reduce  accidents  in 
many  of  the  industrial  plants.  Similar  progress  can  be  attained  in 
civil  life  where  accidents,  due  especially  to  traffic  conditions,  are  as¬ 
suming  more  importance.  Safety  education  will  help,  but  a  greater 
aid  will  be  the  development  among  individuals,  through  education,  of 
a  higher  sense  of  responsibility  and  appreciation  of  their  own  bodies 
and  the  lives  of  others. 

The  abatement  of  nuisances  was  at  one  time  the  chief  work  of 
the  health  officer.  Today,  with  better  sanitary  conditions,  the  latter 
are  generally  turned  over  to  others.  However,  the  public  still  de¬ 
mands,  and  perhaps  rightfully,  that  health  officials  shall  supervise  or 
at  least  give  some  attention  to  these  nuisances. 
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A  common  nuisance  which  needs  immediate  attention  is  the  ex¬ 
cessive  noise  which  is  prevalent  everywhere  and  especially  in  cities, 
due  to  the  increasing  automobile  traffic.  Much  of  this  is  needless.  As 
soon  as  we  begin  to  realize  that  this  nuisance  is  not  necessary  and  a 
definite  campaign  to  educate  people  to  such  fact  is  begun,  much  of 
this  noise  will  be  reduced.  The  result  will  benefit  our  health,  com¬ 
fort  and  happiness. 

Litter  or  scattered  rubbish  is  one  of  the  inevitable  consequences 
in  communities,  where  you  find  overcrowding,  careless  citizens,  in¬ 
adequate  and  poor  methods  for  the  disposal  of  waste  and  poor  facili¬ 
ties  in  not  having  receptacles  at  convenient  places  for  the  collection 
of  rubbish. 

It  is  hard  to  understand  why  individuals  have  very  little  con¬ 
sideration  for  tidiness  and  rarely  participate  in  any  responsibilities 
in  their  use  of  public  grounds,  especially  parks,  bathing  beaches,  play¬ 
grounds,  etc.  After  a  crowd  has  left  one  of  these  places,  it  resem¬ 
bles  a  rubbish  dump.  It  is  even  becoming  a  common  sight  to  see 
paper  and  refuse  thrown  from  passing  automobiles.  The  occupants 
don’t  seem  to  care  to  deposit  the  wrappers  in  designated  receptacles. 
It  is  better  for  their  personal  convenience  to  throw  them  into  the 
highway  and  let  others .  be  inconvenienced.  '  Their  comfort  is  not 
affected.  Such  a  nuisance  calls  for  disciplinary  action.  Punish  the 
offenders  and  strewing  of  rubbish  along  our  highways  and  public 
places  will  stop  quickly. 

Serious  attention  also  should  be  given  to  better  methods  of  col¬ 
lecting  our  waste.  Much  of  the  rubbish  along  our  highways  can  be 
traced  to  vehicles  on  their  way  to  unload  wastes  collected  in  other 
locations. 

Some  of  the  other  nuisances  which  may  affect  the  health  of  in¬ 
dividuals  and  which  health  authorities  are  called  upon  to  investigate 
are : 

Sanitary  condition  of  slaughtering  houses,  stockyards,  ceme¬ 
teries,  privy  vaults,  manure  piles,  pig  pens  and  other  animal  abodes, 
when  these  are  found  in  or  close  to  the  living  quarters  of  humans. 

School  Hygiene 

The  protection  of  the  health  of  the  students,  especially  young 
and  immature  children,  necessitates  strict  observance  of  all  sanitary 
principles,  but  especially  the  following :  Location  and  erection  of 
school  buildings,  heating,  lighting,  ventilation,  arrangement  of  desks, 
seats,  and  other  furniture,  and  general  cleaning  methods. 
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Routine  inspection  of  school  children  by  competent  medical  in¬ 
vestigators  has  been  very  beneficial  to  the  students  and  the  commun¬ 
ity.  Sound  minds  need  sound  bodies.  These  inspections  have  ac¬ 
complished  much  in  making  this  principle  a  recognized  fact.  The 
relation  between  physical  and  mental  efficiency  is  well  established. 

There  are  many  problems  which  health  authorities  have  turned 
over  to  others  in  specialized  fields  who  have  assumed  the  responsi¬ 
bility  of  caring  for  the  sanitary  aspect  of  their  respective  duties. 
Thus  we  have  the  plumber,  the  engineer  in  ventilation,  lighting,  etc. 
Though  such  procedure  has  proven  successful  in  most  instances, 
there  are  times  when  health  authorities  should  make  closer  observa¬ 
tions  and  take  cognizance  of  mistakes.  For  instance,  we  all  know 
that  there  is  an  overcrowding  in  our  schools  today  in  most  large  com¬ 
munities.  Children  and  students  are  placed  in  rooms  and  buildings 
that  were  built  to  hold  smaller  numbers  than  are  crowded  into  them. 
Under  such  conditions,  the  risk  of  having  young  children  subjected 
to  epidemics  is  great.  Some  of  the  educational  authorities  err  in 
their  plans.  Instead  of  having  two  or  more  smaller  segregated  build¬ 
ings  in  a  community  to  house  students,  especially  young  children, 
they  build  one  large  school  or  erect  additions  to  existing  structures. 
I  think  if  all  factors  are  considered,  such  arrangement  is  not  a  saving 
but  actually  a  financial  loss  to  a  community. 

Another  mistake  which  is  made  by  some  school  authorities  is  in 
failing  to  arrange  a  proper  adjustment  of  curriculum  to  the  mental 
and  especially  the  physical  power  of  the  students.  I  find,  for  in¬ 
stance,  that  in  certain  quarters  where  young  children  have  half  ses¬ 
sions,  due  to  lack  of  room,  many  will  be  in  attendance  virtually  the 
entire  afternoon.  During  the  cold  months,  the  parents  cannot  leave 
them  out  in  the  morning,  and  in  the  afternoon  when  it  is  warmer 
and  the  sun  is  out,  they  are  compelled  to  stay  in  school.  Their  rest 
is  frequently  disturbed.  A  more  suitable  arrangement  can  and  should 
be  made  especially  for  young  children. 

Our  health  authorities  should  realize  that  it  is  their  duty  to  com¬ 
pel  the  school  boards  to  establish  a  more  suitable  arrangement  of 
curriculum  which  will  be  compatible  with  better  health,  especially  for 
youngsters. 

Child  Welfare  Work  and  the  Home 

Children  are  the  most  valuable  asset  of  a  community.  We  must 
look  to  youth  for  the  making  of  a  better  and  brighter  world.  Any¬ 
thing  which  tends  to  improve  their  health  and  prevent  disease  will 
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help  greatly  to  promote  the  best  interests  of  the  present  and  future 
generations.  Race  improvement  is  only  possible  through  the  child. 

Every  period  of  a  child’s  existence  has  been  and  is  being  inves¬ 
tigated  thoroughly,  so  that  the  best  conditions  may  be  produced  for 
the  development  of  healthy  citizens. 

Health  taught  to  children  by  means  of  a  game,  a  story,  in  a  play 
or  movie  or  by  other  activities  as  is  being  taught  is  bound  to  bear 
fruit. 

Child  welfare  work  is  producing  social,  industrial  and  political 
effects  which  were  not  dreamed  of  in  days  gone  by.  The  saving  of 
children’s  lives  will  increase  the  span  of  the  expectancy  of  the  aver¬ 
age  duration  of  life  of  humans,  and  a  proportionate  financial  gain  to 
a  community  will  result.  There  also  will  be  an  increase  in  the  num¬ 
ber  of  available  workers  in  industrial  pursuits  accustomed  to  Amer¬ 
ican  ways  and  standards.  The  standard  of  living  will  rise.  The 
number  of  dependents  of  one  kind  and  another  will  be  reduced.  And 
besides,  can  we  even  think  of  talking  in  terms  of  financial  gain  when 
one  attempts  to  consider  the  pleasure  adults  receive  from  the  com¬ 
pelling  charm  of  infant  innocence,  happiness  and  well  being?  Can 
we  evaluate  the  instinctive  response,  and  pleasure  which  is  aroused  in 
all  who  come  in  contact  with  a  healthy  and  happy  child  ?  How  many 
adults  have  given  more  than  they  normally  would  due  to  the  increased 
spirit  and  enthusiasm  aroused  through  affectionate  interest  resulting 
from  contact  with  children?  On  the  other  hand,  is  it  possible  to  es¬ 
timate  the  loss  to  a  community  burdened  with  children  that  are  dis¬ 
torted  or  maimed,  neither  strong  nor  healthy? 

Many  of  the  partial  and  complete  disabilities  in  adults  could 
have  been  corrected  by  proper  care  and  treatment  in  childhood. 
These  physical  defects  are  so  numerous  that  one  is  apt  to  feel  that 
our  development  and  progress  is  so  pitifully  slow  that  it  takes  a  big 
calamity,  like  the  World  War  to  show  the  existence  of  these  condi¬ 
tions.  Can  you  realize  what  it  means  when  you  scan  the  reports  of 
the  U.  S.  draft  boards  and  find  that  nearly  50  per  cent,  of  the  men 
examined  were  found  to  have  certain  defects? 

Research  and  study  have  found  the  causes  and  methods  of  trans¬ 
mission  of  many  diseases.  As  our  knowledge  of  diseases  increases, 
the  field  of  application  of  preventative  medicine  expands.  By  the 
proper  training  and  teaching  of  all  and  especially  of  our  children, 
many  of  these  afflictions  can  be  halted  and  even  wiped  out  in  their 
track  within  one  or  two  generations. 
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The  physical  and  mental  development  of  man  will  be  elevated. 
However,  the  present  generation  must  understand,  that  it  may  not 
be  possible  to  produce  perfection  within  their  days.  It  is  their  duty, 
however,  to  assist  toward  that  goal  so  that  the  succeeding  genera¬ 
tions  will  eventually  reach  it. 

The  first  environment  that  makes  the  deepest  impression  upon 
us  is  that  environment  where  we  were  born  and  reared  and  especially 
that  place  which  we  call  home.  It  is  there  where  we  establish  the 
standards  that  influence  our  lives. 

At  this  point,  I  will  ask  that  you  kindly  bear  with  me  a  little 
longer  so  that  I  may  bring  to  your  attention  a  few  additional  impor¬ 
tant  problems. 

A  good  parent  is  one  who  not  only  feels  an  intelligent  interest  in 
those  affairs  of  health,  safety,  etc.,  that  affect  him  and  his  family, 
but  who  also  actively  participates  in  humane  service,  especially  when 
his  activity  is  needed  and  helpful. 

In  the  decision  of  the  Supreme  Court  of  the  United  States  de¬ 
claring  invalid  the  provision  of  the  Oregon  statute  which  would  abol¬ 
ish  private  and  parochial  schools,  the  Court  leaves  no  room  for  doubt 
as  to  parental  responsibilities  not  only  in  matters  of  education  but 
also  in  matters  concerning  the  general  care  of  the  child.  “The  child 
is  not  the  mere  creature  of  the  State.  Those  who  nurture  him  and 
direct  his  destiny  have  the  right,  coupled  with  the  high  duty  to  rec¬ 
ognize  and  prepare  for  him  additional  obligations,”  says  the  Court. 
It  is  time  that  this  duty  is  more  fully  recognized.  The  parents  owe 
the  community  and  the  state  something.  They  owe  themselves  and 
their  children  even  more.  They  who  bring  children  into  the  world 
should  look  after  them. 

The  home  is  paramount  in  the  life  of  not  only  children,  but 
everyone.  It  is  in  the  home  where  children  should  be  controlled  and 
disciplined.  They  should  also  receive  knowledge  that  will  make  them 
morally  and  physically  fit.  No  governmental  or  social  function  can 
ever  assume  the  entire  job  of  parenthood  and  produce  a  commendable 
race. 

“As  the  twig  is  bent,  so  the  tree  inclines,”  is  an  old  axiom.  The 
responsibility  for  the  bending  of  the  adolescent  twigs  in  the  right  di¬ 
rection  rests  upon  the  shoulders  of  the  parents  and  overseers  in  the 
home.  It  is  their  duty  to  straighten  the  twigs  so  that  the  trees  will 
stand  erect.  One  of  the  great  troubles  is  that  the  exercise  of  parental 
authority  is  lacking.  There  seems  to  be  a  disposition  to  shirk  respon- 
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sibility.  Relaxation  and  indifference  is  the  fundamental  cause  of 
more  trouble  than  anything  else.  The  parents  depend  entirely  too 
much  upon  outside  influences  and  treatment.  It  is  they  who  must 
inculcate  into  themselves  and  their  children  sound  principles,  and 
knowledge  along  the  lines  I  have  tried  to  cover  so  hastily.  They 
will  thus  have  a  better  understanding  of  the  elements  of  those  sub¬ 
jects  that  will  compel  us  to  respect  more  the  human  body  and  share 
in  making  our  environment  a  fit  place  to  live  in.  Parental  neglect 
of  duty  toward  children  is  responsible  for  many  of  the  disasters 
which  they  plunge  into.  In  their  inexperience  of  life,  children  do 
not  realize  the  many  dangers  before  them. 

The  greatness  of  a  country  lies  not  in  its  material  things  but  in 
its  inhabitants;  yes,  the  men,  the  women,  and  especially  the  children 
in  the  homes.  Ideas,  ideals  and  conduct  of  adults  and  children  are 
best  taken  care  of  in  the  home.  This  is  a  fact  well  recognized.  But 
the  every-day  citizen  does  not  seem  to  appreciate  that  this  same  home 
is  and  should  be  a  health  center.  All  the  care  and  attention  given  to 
one  in  hospitals,  clinics,  etc.,  cannot  be  comparable  to  that  which  is 
received  in  the  home  under  the  direction  of  an  intelligent  and  careful 
guardian. 

Our  knowledge  of  the  biology  of  the  causative  agents  of  disease 
makes  intelligible  to  us  and  solves  the  old-time  riddle  of  heredity  of 
disease.  There  are  but  few  diseases  that  are  actually  hereditary  (i.  e., 
the  infective  agent  passed  on  from  the  parent  to  offspring).  That 
which  is  transmitted  to  the  child  is  not  frequently  the  organisms  pro¬ 
ducing  disease.  Certain  constitutional  conditions  resulting  in  a  low¬ 
ered  vitality  may  be  transmitted  from  generation  to  generation.  En¬ 
vironment  in  turn  can  greatly  influence  these  affected  biological  con¬ 
stitutions  or  hereditary  predispositions  in  individuals. 

There  is  a  disposition  to  lay  too  much  stress  on  heredity  and 
very  little  on  environment  as  a  big  factor  in  the  cause  of  disease. 

Unfavorable  influences  upon  subjects  with  hereditary  constitu¬ 
tional  weakness  will  result  in  a  lessened  capability  of  resistance  of 
disease  than  would  affect  those  not  possessing  these  constitutional 
factors.  In  like  manner,  favorable  surroundings,  including  proper 
habits  of  living  and  good  food  will  change  these  affected  systems,  so 
that  they  will  be  constitutionally  sound  and  vigorous.  If  we  find  that 
we  are  helpless  transmitters  of  undesirable  inherited  factors,  the  least 
we  can  do  is  alter  our  conduct  and  change  our  environment  as  to  im¬ 
prove  our  conditions. 
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Everyone  knows  that  a  weak  structure  may  lead  to  disease.  A 
well-equipped  and  perfect  automobile  will  go  on  any  kind  of  a  road. 
It  may  have  its  ups  and  downs  on  a  poor  road,  but  it  finally  gets 
there.  A  poorly  constructed  auto  will  not  do  so  well  on  a  poor  road — • 
but  it  will  show  itself  even  almost  perfect  on  a  good  road.  Environ¬ 
ment  helps. 

The  statement  that  what  heredity  causes,  heredity  can  cure,  is 
only  partly  correct.  This  is  not  all.  The  layman  should  realize  that 
we  inherit  more  health  than  disease,  and  that  which  plays  a  big  part 
in  the  development  of  that  which  we  inherit  is:  Environment. 

Hereditary  characteristics  become  changed  by  external  condi¬ 
tions.  The  latter  can  induce  or  prevent  disease  according  to  circum¬ 
stances. 

Another  condition  which  is  mistaken  as  of  hereditary  influence 
is  attributed  to  those  diseases  contracted  through  familial  contact 
and  also  those  known  as  household  diseases.  Houses  occupied  by 
individuals  suffering  from  contagious  diseases  may  become  breeding 
places  for  those  diseases  not  only  during  the  lifetime  of  the  person 
afflicted  but  even  for  a  long  time  after  such  individual  has  been  re¬ 
moved.  The  location  of  the  house  and  the  general  housing  problems 
as  mentioned  previously  are  factors  which  may  help  in  preserving  the 
life  of  the  disease-producing  organism  or  prepare  its  victim  by  reduc¬ 
ing  his  vitality.  It  is  frequently  because  of  contact  in  the  same  house 
under  unfavorable  conditions  that  many  in  one  family  may  be  af¬ 
flicted  with  the  same  disease.  It  is  not  due  to  the  fact  that  the  infec¬ 
tive  agent  was  passed  directly  from  the  parent  to  the  offspring. 

We  are  told  that  statistical  data  is  a  stupid  thing  and  that  it  can 
be  made  to  prove  anything  the  observer  wants  it  to.  Nevertheless,  if 
you  care  to  take  the  trouble  to  analyze  mortality  rates  and  mathemati¬ 
cal  calculations  concerning  public  health  work  (for  these  are  the 
ledger  pages  that  tell  the  story),  you  cannot  fail  to  arrive  at  the  con¬ 
clusion  that  changes  for  the  better  are  taking  place.  You  will  find 
that  environment  was  the  big  factor  that  controlled  and  improved 
conditions.  Those  who  try  to  belittle  the  effects  of  environment 
which  may  be  controlled  and  improved,  will  find  themselves  at  every 
turn  facing  many  undisputed  facts. 

I  know  it  is  easy  to  say  and  hard  to  obey  some  of  the  “Whys” 
and  “Don’ts”  promulgated  by  well-meaning  health  authorities.  One 
might  think  that  the  available  knowledge  and  experience  would  help 
considerable.  But  it  seems  that  many  have  been  doing  the  wrong 
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things  for  so  long,  that  they  find  it  difficult  to  change  their  habits.  It 
is  the  present  aim  of  science,  as  it  always  has  been,  to  make  and  keep 
humans  healthy  and  happy.  This  is  a  difficult  task.  There  are  all 
kinds  of  people  in  this  world  living  under  conditions  that  are  very 
unequal.  Science,  with  its  new  ideas,  must  keep  on  incessantly  fight¬ 
ing  to  have  the  public  agree  and  accept  facts  which  are  true  and  use¬ 
ful.  It  is  hard  to  understand  why  individuals  stick  steadfastly  to 
long-held  misconceptions.  They  seem  to  feel  that  scientifically 
proven  facts,  being  contrary  to  their  conceptions,  are  wrong,  strange 
and  even  revolutionary.  Our  pitiful  failures  are  due  to  these  mis¬ 
conceptions  and  unnecessary  ignorance.  Attempts  to  awaken  public 
consciousness  to  scientific  facts  are  almost  like  punching  a  rubber 
ball.  The  latter  may  give  way  at  the  point  of  contact,  but  it  is  unaf¬ 
fected  elsewhere.  Upon  release  of  pressure,  the  ball  assumes  its  nor¬ 
mal  appearance,  and  the  depression  (or  should  I  say  impression) 
which  was  made  vanishes.  It  is  only  by  keeping  constantly  at  it,  that 
the  dent  becomes  permanent  and  an  integral  part  of  the  object  itself. 

Familiarity  with  sanitary  regulations  should  be  a  public  duty. 
But  the  great  trouble  is  that  many  individuals  abdicate  their  propriety 
and  duty  to  such  knowledge.  Other  well-intentioned  folks  are  care¬ 
less  and  neglectful.  They  overlook  many  things  and  place  the  bur¬ 
den  of  responsibility  on  a  few,  without  sharing  any  part  of  it  them¬ 
selves.  It  is  true  that  the  public  should  consider  seriously  the  fact 
that  they  are  trusted  as  participants  and  not  thought  of  merely  as 
beneficiaries  in  public  health  movements. 

Regulations,  suggestions  and  thoughts  promulgated  by  capable 
scientists  for  the  benefit  of  all  should  be  seriously  considered.  If  you 
desire,  disregard  extremists.  Take  the  matter  into  your  own  hands 
and  examine  such  rules  dispassionately  in  accordance  with  the  dic¬ 
tates  of  reason  and  common  sense.  Compare  them  with  the  facts. 
Weigh  them  and  measure  them.  There  is  no  doubt  you  will  benefit 
if  you  proceed  in  this  manner.  You  will  then  do  right  because  it  is 
right.  This  is  better  than  passing  laws  to  compel  you  to  do  them. 
The  modern  theory  of  legislation  which  attempts  to  remedy  human 
ills  by  passing  statutes  prohibiting  them  is  far  from  satisfactory. 
Even  if  we  do  have  laws  and  statutes  which  provide  everything  for 
their  enforcement  in  the  protection  of  public  health,  there  is  still 
needed  an  active  public  sentiment  for  lawfulness,  if  the  laws  are  to 
be  effective.  People  of  understanding  and  individuals  who  know  the 
obligations  of  good  citizenship  are  needed.  An  active,  determined 
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group  of  such  men  and  women  can  easily  bring  about  the  sentiment 
which  will  favor  the  fulfillment  of  desirable  regulations. 

Science  and  scientists  are  not  dogmatic.  Scientists  have  never 
claimed  that  they  possess  at  their  command  a  complete  knowledge  of 
the  laws  of  hygiene.  They  are  frank  to  admit  that  some  of  the 
practices  of  today  may  be  discarded  for  better  ones  or  even  alto¬ 
gether  as  being  valueless.  But  until  the  era  of  perfection  shall  ar¬ 
rive,  your  co-operation  is  needed  and  should  be  given  gladly.  There 
might  be  more  of  general  rejoicing  over  the  hope  of  relieved  suffer¬ 
ing  that  science  holds  forth  for  the  world  at  large. 

I  have  expressed  certain  views  and  given  some  information  con¬ 
cerning  environmental  factors  which,  I  hope,  will  affect  the  minds  of 
thoughtful  persons  by  turning  them  into  channels  of  aiding  corrective 
measures  for  the  elimination  of  undesirable  conditions.  Valuable 
scientific  information  and  health  data  brought  to  the  attention  of  the 
public  sooner  or  later  brings  in  its  wake  a  consideration  of  those  fun¬ 
damentals  which  are  absolutely  necessary  for  the  health,  happiness 
and  comfort  of  all. 

A  general  realization  and  understanding  of  the  laws  of  health 
together  with  their  proper  enforcement  will  result  in  the  production 
of  better  born  bodies  and  better  trained  minds  that  will  be  able  to 
appreciate  the  things  that  are  beautiful  and  sane,  and  help  humanity 
in  its  upward  surge.  As  soon  as  human  reason  places  itself  at  the 
service  of  human  happiness,  the  public  at  large  will  be  found  to  in¬ 
terest  themselves  more  in  all  kinds  of  health  activities.  Our  stand¬ 
ards  will  then  rise,  and  advances  all  along  the  line  will  result. 


I 


IMITATION  OF  LIFE 


By  Arno  Viehoever,  Ph.  C.,  F.  C.,  Ph.  D. 

Director  of  the  Biological  and  Microanalytical  Laboratories,  and 

College  Experimental  Gardens 

We  ’tempt  to  trump  the  genius  of  nature’s  deed, 

Yet  have  to  learn  to  imitate — before  we  lead ! 


WITH  Biologist  Harris  we  believe  that  two  things  are  worth  much 
in  the  world  today :  one  is  love,  the  other  thinking  a  new  thought, 

a  really  new  idea.  With  Professor  Lotka, 
of  Johns  Hopkins  University,  we  claim 
that  the  world  needs  today  more  of  the 
optimism  of  the  progressive,  more  faith  in 
creative  evolution,  more  hope  of  reaching 
still  higher  levels  of  achievement,  more 
freedom  from  prejudice,  a  passion  for 
productive  work — more  hunger  for  action, 
more  thirst  for  accomplishment. 

Where  is  there  any  more  fascinating 
subject  than  life, — a  more  thrilling  experi¬ 
ence  than  following  man  through  the  ages, 
trying  to  understand  life,  its  nature,  its  origin  and  meaning ! 

Where  is  the  one  who,  in  the  face  of  the  constant  progress  made 
in  man’s  control  of  life, — would  bid  us  stand  still  in  fear  or  resigna¬ 
tion;  who  would  limit  man,  before  he  has  brought  to  play  all  his 
resources,  to  engineer  life?  Who  would  crush  his  earnest  attempt  to 
build  up  life-giving  substances,  if  not  life  itself?  Who  would  con¬ 
demn  his  courage,  in  imitating,  one  after  the  other,  the  life  func¬ 
tions, — in  order  to  thus  finally  solve  the  mystery — the  riddle  of  the 
universe — “Life.” 

We  adopt  Tennyson’s  words:  “Men,  my  brothers,  men  the 
workers — ever  doing  something  new.  That  which  they  have  done  but 
earnest  of  the  things  that  they  shall  do.” 


Arno  Viehoever 


i.  Meaning  of  Life  in  the  Universe 

I.  The  Eternal  Miracle — Life 

Life,  like  time,  is  hard  to  define ;  it  represents  the  sum  total  of 
processes  in  living  organisms — plants  and  animals  alike.  These  every- 
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day  life  processes  are  extraordinarily  complex.  We  see  life  all  around 
us,  invading  and  surviving  everything.  It  is  carried  on,  (as  we  have 
pointed  out  in  our  previous  lecture  on  “Control  of  Growth”f)  by  small 
organized  units,  the  cells  and  smaller  physical  as  well  as  chemical  units. 
All  living  cells  contain  protoplasm,  a  whitish  translucent  jelly,  evi¬ 
dently  similar  in  all  kinds  of  creatures.  We  know  of  important 
elements,  composing  the  protoplasm,  and  keeping  it  alive. 

As  every  process  in  the  world,  life  is  determined  by  the  regulation 
of  all  conditions.  Of  the  general  outer  life  conditions,  the  medium, 
we  recognize  the  importance  of  substance  supply  (food,  water,  oxy¬ 
gen),  of  energy  supply,  of  static  and  osmotic  pressure  (demonstrated 
later — in  artificial  cell)  (see  Figure  3  i ) ,  and  of  temperature.  Tem¬ 
perature,  states  Dr.  McDonald  (University  of  Pennsylvania),  deter¬ 
mines  the  degree  of  complexity  of  the  material  of  life,  and  the 
hydrogen-ion  concentration  (p.  H.)J  also  has  an  influence.  Life  can 
only  exist  within  limited  ranges  of  these  factors.  The  hydrogen-ion 
concentration  of  the  blood  plasma  in  the  human  bodies  varies  accord¬ 
ing  to  his  findings  from  7  to  7.9.  Health  depends  on  the  maintenance 
of  the  proper  p.  H.; — variations  cause  disease;  no  life  is  said  to  be 
possible  at  p.  H.  14,  a  very  alkaline  medium.  For  many  organisms 
and  especially  plants,  light  must  also  be  available.  As  general  inner 
conditions,  we  recognize  the  importance  of  chemical  compounds  or¬ 
ganic — as  proteins,  carbohydrates  and  fats ;  inorganic — as  salts  of 
elements  and  especially  water.  The  inner  physical  conditions  for  life, 
intimately  connected  with  the  chemical,  constitute  the  liquid  consist¬ 
ency  due  to  the  presence  of  water  (60-80  per  cent,  of  entire  mass  of 
all  living  substances),  the  colloidal  and  electric  ability  of  substances 
and  their  solutions.  The  inner  morphological  conditions  for  life  are 
observed  as  inner  cell  structure,  net  or  foamy  structure  of  the  proto¬ 
plasma — emulsion,  and  the  peculiar  net  or  filament-like  arrangement 
of  the  nuclear — and  chromatin  substances.  (See  Figure  1.) 

2.  Outstanding  Characteristics 

Living,  according  to  Professor  Thomson,  of  Aberdeen,  may  be 
described  as  a  two- fold  relation  of  action  and  reaction  between  organ¬ 
isms  and  their  environment.  Animate  creatures  are  always  active 

fArno  Viehoever :  “Control  of  Growth  in  Plants  and  Animals,”  in  Popular 
Science  Talks,  Vol.  3,  pages  198  to  217. 

$Ions,  according  to  Arrhenius’  theory  of  dilute  solutions,  are  electrically 
(plus  or  minus)  charged  atoms  or  group  of  atoms — obtained  through  “dissocia¬ 
tion”  of  the  molecules.  The  hydrogen  ions  have  a  positive  charge. 
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Figure  1— (a)  Foamstructure  of  protoplasm  of  Thalassicola  (Protozoa) ; 

(b)  foam  of  olive  oil  and  cane  sugar; 

(c)  protoplasm  of  pseudopode  of  Miliola  (Forminifera) ; 

(d)  protoplasm  of  epidermis  of  earthworm  (after  Buetschli) ; 

(e)  diagram  of  an  emulsion— illustrating  physical  protoplasm  structure  (after 

Shull). 

Figure  2— Fossil  Bacteria  (f)  cocci  (streptococci?)  from  limestone  (x  1100,  after  Walcott); 

(g)  rods  (bacillus  ozodeus),  on  fernsporangium  silicified  (x  300,  after 
Renault). 

Figure  3— (h)  Cell  of  planthair;  (i)  artificial  cell  (after  McDougal). 
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towards  two  main  aims :  self -maintenance  and  continuance  of  their 
race.  We  evidence  (i)  ability  of  persisting  in  a  complex  specific 
metabolism,  the  upbuilding  and  down-breaking  of  protein-substances 
in  a  colloidal  state;  (2)  correlation  of  chemical  processes  permitting 
of  continued  existence — in  spite  of  ceaseless  change.  “It  is  always 
burning  away,  but  is  not  consumed”;  (3)  chemical  individuality  and 
specific  microscopic  and  ultramicroscopic  architecture;  (4)  capacity  to 
grow,  not  like  a  snowball  through  mere  accumulation,  but  through 
active  assimilation;  (5)  power  of  reproduction,  spontaneous  division 
leading  to  the  origin  of  new  individualities;  (6)  faculty  of  develop¬ 
ment,  the  realization  of  the  inherent  diversity  of  the  cell  or  tissue  frag¬ 
ment;  (7)  the  quality  of  effective  behavior  (correlation,  individuality, 
purposefulness)  exhibited  under  various  conditions;  (8)  the  property 
of  profiting  by  experience  in  the  individual  lifetime  and  from  results 
of  ancestral  experiments;  (9)  variability,  a  gift  of  the  organisms, — 
and  likely  the  germ  cells  to  produce  something  new. 

Four  principles,  according  to  Dr.  McDonald,  are  fundamental  in 
the  study  of  man's  life : 

1.  The  application  of  the  energy  of  life  from  atoms; 

2.  The  colloidal  structure  of  protoplasm ; 

3.  The  control  exercised  over  the  relation  and  processes  of  the 
first  two  factors  by  a  special  group  of  cells  mainly  localized  in  the 
involuntary  nervous  system,  and 

4.  The  effect  upon  the  body  processes  of  man’s  particular  and 
peculiar  physic  power  of  mentality  and  emotion  which  he  has  more 
highly  developed  than  the  other  vertebrates. 

His  tentative,  necessarily  complicated,  formula  for  human  life  is 

B  H  CO3  X  OH  X  Sr.  X  Es. 

K  H2  CO3  X  H  X  So.  X  Ev. 

Where  K  =  the  protein  constant  of  protoplasm, 

B  H  CO3  =  the  fixed  alkali  of  univalent  cations, 

H2C03  =  the  fixed  acid  of  bi-  and  tri-valent  cations  and 
anions. 

OH  =  the  free  hydroxyl  ion, 

H  =  the  free  hydrogen  ion, 

Sr.  =  the  reduction  poise  or  balance,  according  to  Mansfield 
Clark, 

So.  =  the  oxidation  poise, 
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Es.  =  sympathetic  or  autonomic  nerves  producing  emotions, 
Ev  =  vagus,  most  widely  distributed  nerve,  producing 
emotions. 

Inasmuch  as  lipoid  solvents  are  not  considered  in  this  formula,  it 
will  likely  need  changes. 

5.  Origin  of  the  Animate  Protoplasm 

Speaking  about  creation,  Professor  Snyder,  of  Philadelphia,  states 
“The  interior  of  the  sun  and  all  heavenly  bodies  is  an  atom-making 
arsenal. 

The  sun,  in  a  mighty  explosion,  hurled  out  the  planet  earth.  The 
distant  creation  scenes  re-echo  the  design  and  the  generative  mech¬ 
anism  which  existed  and  still  persists  in  our  own  little  sun.  The  pur¬ 
pose  of  the  design  of  the  mechanism  which  brought  forth  the  solar  and 
satellite  and  star  systems  seems  to  be  to  build  a  system  which  shall  be 
permanent  and  safe  for  the  production  and  continuance  of  life.” 

The  representatives  of  all  branches  of  natural  science  agree  that 
our  earth  has  passed  through  various  stages  of  development.  Stone 
and  metal  now  forming  the  rigid  crust  were  molten  masses,  and  this 
liquid  center  was  surrounded  by  an  atmosphere  of  gases.  Life  could 
only  originate  after  these  masses  were  no  longer  hot  and  water  could 
exist  on  earth. 

Life,  according  to  Allen,  in  the  evolution  of  the  earth  and  its 
inhabitants,  was  of  the  humblest  kind,  since  there  were  no  definite 
organisms,  only  diffuse  substances  trading  in  energy — and  between 
this  state  and  the  evolution  of  cellular  organisms  an  immense  period 
elapsed. 

He  suggests  that  the  first  organism  was  of  the  animal  sort  and  of 
spherical  shape,  but  that  it  gradually  grew  a  tail  or  whip.  It  used 
this  to  come  out  of  the  deep  regions  to  the  sunny  surface  of  the  sea, 
where  chlorophyll,  the  granules  found  in  all  green  organisms,  was 
acquired.  In  the  presence  of  this  green  chemical  compound  the  trans¬ 
formation  of  the  carbon  dioxide  of  the  air  and  water  into  sugar  and 
starchy  substances  likely  was,  as  it  is  today,  effected.  The  organism 
thus  could  make  its  own  food. 

The  following  suggestions  are  of  special  interest: 

Certain  bacteria,  whose  metabolism  is  based  on  the  oxydation  of 
ammonium  to  nitrites  and  nitrates,  on  iron,  and  sulphur  and  even  hy¬ 
drogen,  derive  their  energy  from  these  sources.  They  are  thus  inde- 
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pendent  of  sunlight — a  fact  of  the  greatest  significance  in  connection 
with  the  problem  of  the  origin  of  terrestrial  life  as  we  know  it  today. 
For  green  plants,  as  we  have  seen,  carry  on  their  life  business  by  the 
aid  of  chlorophyll,  a  substance  representing  a  high  degree  of  special¬ 
ization,  such  as  could  not  very  well  be  supposed  to  exist  in  the  most 
primitive  life  forms.- 

Osborn  in  his  “Origin  and  Evolution  of  Life”  states : 

“In  their  power  of  finding  energy  or  food  in  a  lifeless  world,  the 
bacteria  known  as  prototrophic  or  ‘primitive  feeders’  are  not  only  the 
simplest  known  organisms,  but  it  is  probable  that  they  represent  the 
survival  of  a  primordial  state  of  life  chemistry.  These  bacteria  derive 
their  energy  and  their  nutrition  directly  from  inorganic  chemical  com¬ 
pounds  ;  such  types  were  thus  capable  of  living  and  flourishing  on  the 
lifeless  earth  even  before  the  advent  of  continual  sunshine,  and  long 
before  the  first  cholorophyllic  stage  (algae)  of  the  evolution  of  plant 
life.  Among  such  bacteria,  possibly  surviving  from  archaeologic  time 
N  (see  Figure  2),  is  one  of  these  ‘primitive  feeders,’  namely  the  nitroso 
monas  of  Europe.  For  combustion,  it  takes  in  oxygen  directly 
through  the  intermediate  action  of  iron,  phosphorus,  or  manganese, 
each  a  laboratory,  which  contains  oxidizing  catalyzers,  the  activity  of 
which  is  accelerated  by  the  presence  of  iron  and  manganese.  Still  in 
the  primordial  stage,  nitroso  monas  lives  on  ammonium  sulphate, 
taking  its  energy  (food)  from  the  nitrogen  of  ammonium  and  form¬ 
ing  nitrites.  Living  symbiotically  with  it  is  nitro  bacter,  which  takes 
its  energy  (food)  from  the  nitrites  formed  by  nitroso  monas ,  oxidiz¬ 
ing  them  into  nitrates.  Thus  these  two  species  illustrate,  in  its  sim¬ 
plest  form,  our  law  of  the  inter-action  of  an  organism  with  its  life 
environment.” 

Life,  however,  as  we  know  it,  is  the  product  not  only  of  certain 
chemical  and  physical  forces,  but  also  of  heredity.  If  we  believe  in 
the  theory  of  spontaneous  generation,  we  must  assume  that  the  first 
living  organisms  somehow  sprang  into  being  without  any  hereditary 
characteristics  at  all — an  enormous  difficulty  which  has  not  been  sur¬ 
mounted. 

Some  scientists,  confronted  with  the  difficulties  to  form  the  bridge 
between  non-living  matter  and  the  earliest  forms  of  protoplasm,  have 
suggested  the  existence  of  a  mysterious  vital  force  different  from  any 
other  known  force  and  beyond  human  experimentation.  Arrhenius 
proposed  the  theory  that  life  was  created  in  another  hemisphere  and 
reached  our  planet  in  the  form  of  fine  dust.  Free  calls  these  opinions 
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a  lazy  man’s  view.  “It  saves  thinking  by  the  simple  expedient  of  re¬ 
moving  the  troublesome  problem  to  the  realm  of  the  unthinkable;  it 
merely  carries  the  problem  of  life  origin  of!  to  some  distant  world 
which  we  know  nothing  about.” 

Summary 

Concluding  the  consideration  of  our  conception  of  life,  the  evi¬ 
dence  of  an  eternal  adaptability,  we  point  with  Thomson  to  the  variety 
of  life — hundreds  of  thousands  of  distinct  individualities  or  species ; 
the  abundance  of  life; — like  a  river  always  tending  to  overflow  its 
banks ;  the  diffusion  of  life, — exploring  and  exploiting  every  corner  of 
land  and  sea ;  the  insurgence  of  life, — self-assertive,  persistent,  defiant, 
continually  achieving  the  apparently  impossible;  the  cyclical  develop¬ 
ment  of  life,  ever  passing  from  birth,  through  love,  to  death;  the  intri¬ 
cacy  of  life, — every  cell  a  microcosm ;  the  subtlety  of  life, — every  drop 
of  blood  an  index  of  idiosyncrasies ;  the  inter-r elatedness  of  life, — ■ 
with  myriad  threads  woven  in  a  patterned  web;  the  drama  of  life, — 
plot  within  plot,  age  after  age,  with  every  conceivable  illustration  of 
the  twin  motives  of  hunger  and  love;  the  flux  of  life, — even  under 
our  short-lived  eyes ;  the  progress  of  life, — slowly  creeping  upwards 
through  unthinkable  time,  expressing  itself  in  ever  nobler  forms ;  the 
beauty  of  life, — every  finished  organism  an  artistic  harmony;  the 
morality  of  life, — spending  itself  to  the  death  for  other  than  individual 
ends ;  the  mentality  of  life, — sometimes  widely  awake ;  and  the  victory 
of  life, — subduing  material  things  to  its  will,  and  in  its  highest  reaches 
controlling  itself  toward  an  increasing  purpose. 

<«• 

i.  The  Inorganic  Domain  and  the  Organic  Realm 

II.  Bridging  the  Gap — Imitation 

As  in  the  animate  realm,  so  in  the  domain  of  lifeless  things  there 
is  extraordinary  diversity.  Everything  around  us,  states  Enriques,  is 
living  and  active  save  for  a  difference  in  degree,  in  the  intensity  or  in 
the  rapidity  of  the  changes,  and  in  the  relative  importance  of  the  inter¬ 
nal  and  external  factors.  The  inanimate  earth  possesses  many  re¬ 
markable  properties  fitting  it  to  house  life.  It  is  now  generally  agreed 
that  laws  govern  both  in  the  inanimate,  as  in  the  animate  world.  No 
room  is  left,  says  Thomson,  for  guidance  or  control  other  than  is  in 
the  nature  of  things  themselves.  No  room  is  left  for  intervention  or 
influxes ;  the  idea,  that  physical  events  were  immediately  ordered  by 
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the  hand  of  God  in  relation  to  human  interests,  disappeared  like  a 
dream.  There  came  indeed  to  be  developed  an  exaggeration  of  the 
omnipotence  of  the  laws  of  nature — man’s  formulations  of  observed 
uniformities  of  sequence,  which  although  they  evidently  approximate 
to  reality,  cannot  be  invested  with  absolutism.  Yet  the  old  order 
changed,  giving  place  to  a  new, — the  whole  inorganic  world  is  now 
more  and  more  completely  and  consistently  analyzed  in  terms  of 
dynamics. 

Similarly  the  body  of  living  creatures  is  now  recognized  as  the 
theatre  of  many  chemical  and  physical  operations.  To  realize  the 
great  and  fundamental  progress  made  in  the  last  ioo  years,  I  may 
quote  here  the  view  of  Kant,  the  great  philosopher,  concerning  the 
apartness  of  living  creatures  from  chemical  and  physical  laws :  “It  is 
quite  certain  that  we  cannot  become  sufficiently  acquainted  with  organ¬ 
ized  creatures  and  their  hidden  potentialities  by  aid  of  purely  mechani¬ 
cal  natural  principles ;  much  less  can  we  explain  them ;  and  this  is  so 
certain  that  we  may  boldly  assert  that  it  is  absurd  for  man  even  to 
conceive  such  an  idea,  or  to  hope  that  a  Newton  may  arise  able  to 
make  the  production  of  a  blade  of  grass  comprehensible,  according  to 
natural  laws  ordained  by  no  intention;  such  an  insight  we  must  abso¬ 
lutely  deny  to  man.” 

Another  philosopher,  Auguste  Comte,  said  in  1849  or  1850  that 
there  were  two  things  that  would  never  be  discovered.  The  one  was 
the  origin  of  life ;  the  other,  the  chemical  composition  of  the  stars.  A 
couple  of  years  later,  two  German  students,  Kirchhoff  and  Bunsen, 
did  discover  the  latter,  as  a  ray  of  dying  sunlight,  coming  through  a 
prism,  unexpectedly  wrote  a  hydrogen  line  on  a  sheet  of  paper  used 
in  spectrum  experiments. 

2.  Synthesis  of  Life  Substances 

The  study  of  physico-chemical  processes  going  on  in  living  organ¬ 
ism  has  greatly  increased  our  knowledge  of  vital  products.  The  excre¬ 
tive  product  of  the  kidney,  urea,  was  the  first  of  organic  substances 
prepared  in  the  laboratory  about  100  years  ago  by  Woehler.  Since 
then  many  substances,  characteristics  of  life  activity,  have  been  syn¬ 
thesized, — nitrogen  compounds,  carbohydrates,  fats,  etc.  The  chemist 
is  no  longer  limited  in  his  scope,  which  constantly  expands  with 
increasing  experimentation  and  broadened  knowledge.  He  is  accom¬ 
plishing  more  than  was  ever  expected  from  him.  The  manufacture  of 
the  complex  mixture,  protoplasm,  however,  is  still  beyond  his  reach. 
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3.  Reproduction  of  Life  Structures 

The  most  recently  published  record  of  an  artificial  life  structure 
is  that  of  McDougal’s  artificial  cell.  This  cell,  resembling  somewhat 
that  of  a  planthair  (see  Figure  3  h),  is  prepared  in  the  following 
manner : 


Construction  of  the  Cell 

1.  A  paper  thimble — one  inch  in  diameter,  three  inches  high,  con¬ 

sisting  of  pure  cellulose  serves  as  an  external  cell  wall. 

2.  Agar — Agar  (seaweed)  and  pection  from  apple  cores  are  dis¬ 

solved  in  water  into  a  thick  brownish  syrup.  The  thim¬ 
ble  is  dipped  into  this  syrup  and  substance  of  sugar-like 
composition  and  jelly-like  consistency  are  thus  deposited 
within  the  meshwork  of  the  cellulose. 

3.  Alcohol — into  which  the  thimble  is  then  dipped  abstracts  part 

of  water  and  thus  gives  the  thimble  the  desired  physical 
structure. 

4.  Gelatine  and  Agar — Agar  solution,  in  proper  proportions  and 

mixed  with  a  small  quantity  of  some  fat,  a  little  soap,  a 
minute  trace  of  salt  are  included  to  represent  actual  con¬ 
dition  in  plant  protoplasm,  containing  a  very  small 
amount  of  a  great  many  substances. 

A  layer  of  this  still  hot  mixture,  a  quarter  of  an 
inch  thick,  is  applied  to  the  inner  surface  of  the  thimble 
and  allowed  to  harden,  representing  the  plasmatic  layer. 

5.  A  rubber  stopper,  with  glass  tubes  appropriately  fitted  in,  is 

inserted  in  the  thimble. 

A  solution  of  sugar  is  poured  in  to  represent  the  cell  sap.  The 
artificial  cell  is  now  ready  for  operation.  (See  Figure  3.) 

W orking  of  the  Cell 

The  cell  as  described  and  completely  filled  with  sugar  solution  is 
placed  in  a  glass  beaker  containing  either  pure  water  or  some  salt 
solution.  Water  alone  or  water  containing  particles  of  salt  will  pass 
through  the  cell  wall  and  into  the  sugar  solution,  causing  the  already 
filled  cell  to  overflow  through  the  tube.  (B.,  Figure  3  i.)  The  amount 
of  this  overflow  serves  as  a  measure  of  the  activity  of  the  cell. 

In  the  case  of  a  living  cell,  McDougal  states, — much  is  known  of 
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its  conduct  in  various  salt  solutions ;  what  salts  are  allowed  to  enter, 
which  ones  are  kept  out  and  the  speed  with  which  each  will  act.  Most 
of  these  facts  have  little  rhyme  or  reason  to  them ;  they  do  not  seem 
explainable  by  the  known  laws  of  chemistry  and  physics.  When  the 
solution,  in  which  the  cell  is  immersed,  contains  certain  parts  of  salts, 
there  is  often  a  curious  effect — antagonism.  Whereby  penetration  of 
each  salt  is  modified  greatly  by  the  presence  of  the  other.  This  phe¬ 
nomenon  of  antagonism  has  been  thought  characteristic  of  protoplasm 
— no  known  property  of  the  constituents  of  the  protoplasm  or  the 
salts  accounts  for  it.  The  interference  of  ions  will  prove  a  chemical 
and  physical  problem. 

McDougal  found  that  more  potassium  is  absorbed  by  his  artificial 
cell  than  sodium,  the  natural  cell  does  the  same,  its  selective  absorption 
power  for  potassium  being  in  fact  twelve  times  greater  than  that  of 
the  artificial  cell. 

This  artificial  cell,  McDougal  concludes,  is  a  much  easier  tool  to 
work  with  than  a  minute  living  cell.  Though  presenting  only  a  first 
short  step  and  not  altogether  similar  to  an  actual  living  cell,  the  arti¬ 
ficial  cell  duplicates  in  principle  certain  actions  for  understanding  life, 
it  absorbs  for  a  very  short  time  food  material  and  water  with  coinci¬ 
dent  increase  in  size — thus  grows. 

Copy  of  Life  Functions 

Ten  functions,  according  to  Roux,  may  be  recognized  in  living 
organisms.  These  are  capable  of  : 

(1)  The  power  of  absorption  of  foreign  substances; 

(2)  The  power  of  assimilation  —  transformation  in  digestible 

substances ; 

(3)  The  power  of  dissimilation  —  modification;  utilization  of 

proteins  and  fats ; 

(4)  The  power  of  excretion  of  the  modified  substance,  of  car¬ 

bon  dioxide  and  urea,  in  animals,  of  oxygen  in  plants ; 

(5)  The  power  of  preservation  through  replacement  without 

changing  ; 

(6)  Growth  through  accumulation  of  food  substances; 

(7)  Movement — inner  movement — reflex  movement; 

(8)  Division  and  multiplication ; 

(9)  Inheritance  of  characteristics  to  the  offspring; 

(10)  Self-regulation  through  exercise  of  all  single  functions. 


IMITATION  OF  LIFE 


89 


I 


Figure  A — (a)  Mercury  drop  moved  by  galvanotaxis  like  amoeba  (after  Krueger); 

(b)  oildrop  bordering  on  soap  solution  (a)  and  water  (b); 

(c)  drop  of  oilsoap  foam  in  amoeboid  motion  (after  Stempell  and  Koch). 

Figure  5 — (d)  White  blood  corpuscle  of  frog,  plasma  motion  through  temperature  change 
(after  Engebnann) ; 

(e)  olive  oil  expanding  on  weak  sodium  carbonate  solution  of  varying  concen¬ 
tration  (after  Verwom). 


The  following  functions  may  be  artificially  reproduced 
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i.  Movement: 

a.  The  movement  of  organisms  in  electric  current  may  be  imi¬ 
tated  by  mercury  drops  placed  in  a  suitable  water-filled  tube  permitting 
transmission  of  electric  current.  (See  Figure  4  a.) 

b.  Protoplasm — a  motion  as  found  in  the  locomotion  of  the  lowest 
one-celled  animals — amoeba — may  be  imitated  with  oil  drop — soap 
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Figure  (a)  Chloroform  drop  lying  in  water  on  shellacked  glass  disk  showing  amoeboid 
movement  from  A  to  E; 

(b)  castoroil  droplets  in  80  per  cent,  alcohol  set  in  motion  by  alcohol  stream 
(after  Rhumbler). 

Figure  7— (c)  Shellac  filaments  absorbed  in  choloroform  drops; 

(d)  shellacked  glass  filaments  absorbed  and  bare  glass  filaments  expelled  (after 
Rhumbler). 


emulsion,  with  liquid  crystals,  or  in  other  ways.  (See  Figures  4.C  x  c ; 
5-d  x  e ;  6.a  x  b.) 

This  amoeboid  locomotion,  the  typical  fountain  motion  and  com¬ 
pared  by  Buetschli  with  the  motion  of  emulsions,  is  due,  to  a  principle 
of  great  importance,  namely,  the  surface  tension  existing  in  oil  drops 
bordering  on  one  side  on  soap  solution,  or  in  drops  of  oil  soap  foam. 

This  oil  soap  foam  is  prepared,  according  to  Yost,  through  mix¬ 
ing  of  thick  olive  oil  with  potash,  and  transferring  the  mass  into  water. 
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The  soap  first  dissolved  in  oil  goes  into  the  water,  which  diffuses  into 
the  oil,  and  the  aqueous  soap  solution  is  precipitated  in  form  of  finest 


Figure  8— Rhythmic  precipitation  zones  in 

(a)  Tailfeathers  of  fasans  (after  (Ghigi) ; 

(b)  bone  structure  of  sepia  (after  Schmidt); 

(c)  billbergia  leaf  (Bromeliaceae),  (after  Kuester) ; 

(d)  sodium  phosphate  gelatine  with  calcium  chloride  (after  Liesegang). 

Figure  9— Natural  and  artificial  structures 

(e)  Scales  or  Orbitolites  (Forminifera),  (after  Rhumbler); 

(f)  calcium  nitrate  solution-drop,  colored  with  India  ink,  placed  on  mixture  of 

sodium  nitrate,  with  traces  of  sodium  carbonate  (after  Leduc); 

(g,  h)  difflugia,  protozoa  with  and  without  hardened  shell  (after  Verworn); 

(i)  membrane  of  oil  drop,  formed  with  quartz  grains; 

(j)  membrane  of  chloroform  drop,  formed  with  glass  splinters; 

(k)  membrane  of  drop  of  mixture:  chloroform,  olive  oil,  alcoholic,  shellac  solu¬ 

tion  containing  cinnabar  and  glass  splinters  (after  Rhumbler); 

(l)  epithelial  cells  of  frog; 

(m)  segmentation  in  an  artificial  cell  (after  Leduc). 

vacuoles  in  the  oily  matrix  (ground  mass).  If  some  bubbles  burst  on 
one  side  of  such  foam  drops,  the  oil  is  not  covered  on  that  spot  with  a 
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soap  layer,  and  thus  the  same  conditions  are  obtained  as  if  one  would 
add  to  a  homogeneous  oil  drop  lying  in  water,  soap  solution  from  one 
side.  Under  these  circumstances,  the  drop  shows  a  progressive  mo¬ 
tion  in  the  whole  and  currents  in  the  interior  reminding  one  of  that  in 
amoeba.  One  explanation  is  that  through  lowering  of  the  surface  ten¬ 
sion  a  disturbance  is  caused  in  the  previous  equilibrium  of  the  surface 
tension.  The  strongest  current  is  directly  at  the  surface  of  the  oil 
drop,  causing  the  surrounding  water  to  assume  motion  in  the  same 
direction. 

2.  Absorption: 

The  absorption  of  substances  and  their  expulsion  quite  like  the 
action  of  amoeba  forms  may  be  demonstrated  in  the  following  experi¬ 
ments  :  A  shellac  filament  is  brought  in  contact  with  chloroform  drops, 
or  a  shellacked  glass  filament  is  taken  up  in  a  chloroform  drop,  freed 
of  the  shellac  and  released  again.  (See  Figure  7,  c  and  d.) 

3.  Excretion: 

Rhythmic  precipitation  of  substances,  found  in  pearls,  shells, 
feathers  and  certain  pigmented  leaves  may  be  imitated  by  the  penetra¬ 
tion  of  calcium  chloride  into  gelatine  containing  sodium  phosphate  (see 
Figure  8. a  —  d) — or  of  silver  nitrate  diffusing  into  gelatine  containing 
potassium  chromate.  Tissue-like  structures  may  also  be  obtained  by 
various  methods  (see  Figure  1  —  m). 

4.  Division  and  multiplication : 

Dividing  and  radiating  figures  observed  in  cell  reproduction  may 
be  imitated  by  using  certain  oils  (see  Figure  10),  and  mixing  India 
ink  in  salt  solution  (see  Figure  1 1 )  ;  copulation  may  be  imitated  by  the 
placing  of  chloroform  on  carbolic  acid. 

5.  Growth: 

Growth  through  accumulation  of  food  substances  may  be  imitated 
by  chemical  growth,  the  formation  of  artificially  prepared  films,  and 
plant-like  structures  called  mineral  flower  gardens  and  silica  trees  in 
the  following  manner,  according  to  Talbot  and  Blanchard : 

Small  lumps  or  crystals  of  certain  very  soluble  salts,  e.  g.,  ferric 
chloride,  copper  chloride,  nickel  nitrate,  cobalt  chloride  or  manganese 
sulphate,  are  dropped  into  a  solution  of  sodium  silicate  (water  glass, 
sp.  gr.  1.1).  Their  behavior  resembles  that  of  growing  seeds,  as  they 
appear  to  immediately  sprout  and  send  up  shoots  toward  the  surface 
of  the  liquid,  which  grow  with  a  visible  rapidity.  In  fact,  the  salts 
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have  at  once  commenced  to  dissolve,  forming  thin  layers  of  very  con¬ 
centrated  solution  about  each  lump.  At  the  surface,  separating  each 
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Figure  10 — (a)  Larva  of  meduca  Eleutheria  in  progressive  division  (after  Schulze) ; 

(b)  night  lamp-olive  oil  drop  with  two  distribution  centers  (after  Spek). 
Figure  11— (c)  Artificial  spindle  produce  between  two  airbubbles  in  aqueous  gelatine  solu¬ 
tion  upon  cooking,  fixing  and  staining  (after  Rhumbler) ; 

(d)  natural  spindle  of  Echinusegg  (after  Fischel) ; 

(e)  successive  stages  of  artificial  reproduction  produced  by  placing  India  ink 

colored  drops  in  salt  solution  of  different  molecular  concentration  and 
osmotic  pressure  (after  Leduc). 

Figure  12—  (f,  g,  h)  Artificial  osmotic  structures— “mental  salt  vegetation”  (after  Leduc) ; 
(i)  sandy  shelled  Reophax  nodulosa  (after  Brady). 


of  these  layers  of  solution  from  the  water  glass,  there  forms  a  film  of 
the  insoluble  silicate  of  the  metal.  This  film  is  an  osmotic  membrane 
which  allows  water  to  pass  either  in  or  out,  but  the  molecules  of  salt, 
not  being  able  to  pass  through,  exert  against  it  their  osmotic  pressure, 
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and  break  it  at  its  weakest  part,  which  is  always  the  top.  This  exposes 
a  new  surface  of  the  salt  solution  to  the  sodium  silicate,  and  a  new  film 
forms,  which  in  turn  is  broken,  thus  permitting  the  growth  of  the  little 
tube  of  the  silicate  of  the  metal.  Clusters  of  these  tubes  of  various 
colors  give  an  appearance  of  plant  growth  within  the  liquid. 

Silica  trees  may  also  be  made  by  mixing  equal  parts  ( e .  g.,  60 
ccm.)  sodium  silicate  solution  (water  glass)  with  each  60  ccm.  of  satu¬ 
rated  solutions  of  sodium  carbonate  and  sodium  phosphate  (Na2H 
PO4),  with  the  double  amount  (360  ccm.)  of  water.  Ferrichloride, 
calcium  chloride,  copper  sulphate,  and  cobaltnitrate  in  dry  (marble¬ 
like  size)  pieces  are  then  placed  into  the  mixture. 

If  one  adds,  according  to  Benecke  and  Jost,  to  a  solution  of  potas¬ 
sium  ferrocyanide  and  salt,  gelatine,  and  after  solution  a  little  copper 
nitrate  and  sugar,  a  precipitate  of  ferrocyancopper  is  formed,  where 
the  solution  of  copper  nitrate  touches  the  solution  of  potassium  ferro¬ 
cyanide.  This  precipitate  grows  and  reminds  one  of  the  entire  outline 
of  foliaged  plants.  Other  structures  resemble  mushrooms  and  even 
animal  shells.  (See  Figure  12  f  —  i.) 

These  structures,  however,  lack  the  similarity  of  inner  differentia¬ 
tion,  with  actual  plants. 


5.  Generation  of  Life 

We  have  previously  discussed  the  possible  origin  of  life.  A  few 
words  may  be  said  here  of  the  age-long  belief  in  spontaneous  genera¬ 
tion,  leading  man  on  through  the  ages  to  experiment  with  life. 

Spontaneous  Generation 

The  Greeks  and  Romans,  as  ancient  writers  tell  us,  assumed  with 
Aristotle  that  shells  and  petrified  fish,  deposited  by  the  sea  and  later 
found  in  the  interior  of  continents,  were  evidence  of  spontaneous 
hatching  of  organic  creatures  born  in  the  mud  without  the  aid  of 
parents.  The  Middle  Ages  retained  the  ideas  of  Aristotle,  and,  with 
only  a  few  exceptions,  adopted  the  theories  of  the  spontaneous  genera¬ 
tion  of  fossils  or  petrifications  under  varying  formulae,  such  as  plastic 
force,  petrifying  force,  action  of  the  stars,  freaks  of  nature,  mineral 
concretions,  carved  stones,  seminal  vapors  and  many  other  analogous 
theories.  In  the  seventeenth  century,  such  beliefs  founded  on  the 
faulty  observations  were  still  widely  held.  Shortly  afterward,  little 
by  little,  the  theories  were  overthrown,  and  it  was  found  that  insects, 
amphibians  and  fishes  are  developed  from  eggs,  and  not  through  spon¬ 
taneous  generation. 
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With  the  discovery  and  use  of  the  microscope,  small  organisms, 
infusoria  were  found  to  develop  in  extracts  of  dead  substances,  and 
henceforth  the  spontaneous  generation  at  least  of  the  lowest  and  sim¬ 
plest  organisms  was  claimed.  This  belief  was  upheld  until  again  it 
could  be  shown  that  these  organisms  developed  from  germs  present  in 
those  substances  or  in  the  air  to  which  the  containers  had  been  exposed. 
The  splendid  work  of  Pasteur  and  Robert  Koch  in  modern  bacteriol¬ 
ogy  have  also  shown  that  even  the  most  favorable  culture  media 
remain  free  from  bacteria,  provided  they  are  made  germ-free  and  are 
protected  from  the  germs  of  the  air,  soil  or  water. 

Modern  conceptions  of  spontaneous  generation  venture  in  part  the 
possibility  of  creating  organisms  other  than  we  now  know.  Haeckel, 
for  instance,  assumed  the  initial  generation  not  of  celled  organisms — 
but  of  homogeneous,  structureless,  protein  masses  “Moneren”  formed 
possibly  through  counteraction  of  substances  dissolved  in  primordial 
seas.  From  these,  through  evolution,  the  cells  and  all  forms  living 
today  are  formed. 


Artificial  Generation 

The  attempts  to  generate  living  microbes  from  dead  substances 
resemble  experiments  of  Faust’s  pupil  Wagner — who  tried  to  compose 
man  from  chemical  mixtures  in  his  retorts. 

Many  have  been  the  workers  who  have  tried  and  tried  again. 
Bastian  quite  recently  proclaimed  the  solution  of  the  riddle  of  life, 
but,  alas,  his  laboratory  experiments  were  not  verified. 

Burke  claimed  to  have  produced  artificial  life  in  test  tubes  by  means 
of  radium  and  sterilized  bouillon,  “Radiobes” — not  multiplying — 
only  lifelike  in  some  respects — showing  a  few  outward  manifestations 
of  life. 

Mazur,  bacteriologist  of  Lorain,  Ohio,  now  claims  to  have  devel¬ 
oped,  with  the  aid  of  chemistry,  sixteen  varieties  of  cells  (animals  and 
plants).  In  support  of  his  claim,  reported  by  the  Philadelphia  Public 
Ledger,  March  12,  1926,  the  scientist  said  he  “has  been  able  to  create 
5000  snails  by  the  judicious  use  of  sunlight  playing  upon  a  boiled 
mixture  of  chemicals  and  glue.”  Furthermore,  he  contends  these  have 
reproduced  like  normal  snails. 

His  experiments  with  plant  life,  he  admits,  have  not  been  entirely 
satisfactory.  He  has,  he  avers,  been  able  to  create  an  unidentified 
weed  that  perished  after  reaching  a  height  of  several  inches.  Greater 
success  attended  his  efforts  to  create  the  lower  forms  of  cell  life  such 
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as  bacteria,  he  said,  and  refers  to  his  success  in  making  the  penicillium 
cells,  the  tiny  organisms  found  in  damp  cellars. 

Depending  upon  what  form  of  cell  life  he  desires  to  make,  Mr. 
Mazur  boils  together  a  certain  chemical  mixture,  and  after  a  period 
of  subjection  to  sunlight,  and  in  some  cases  to  incubation,  they  evolve. 

He  anticipates  the  objections  to  be  raised  by  scientists  that  the 
life  which  he  asserts  to  have  created  was  already  present  in  the  ingre¬ 
dients  used. 

“Scientists  might  justly  ridicule  my  statements,”  he  said,  “if  I  had 
only  created  one  or  two  varieties  of  cells  or  was  unable  to  state  in 
advance  just  what  the  result  of  each  experiment  would  be.  They 
might,  in  such  a  case,  declare  my  results  due  to  dirty  apparatus  or 
natural  phenomena.  But  I  am  ready  to  submit  a  list  of  the  sixteen 
cells  I  have  made  to  a  board  of  biologists  and  in  their  presence  make 
any  or  all  of  them  in  the  order  they  name.” 

He  said  that  his  findings  broke  down  the  basic  principles  of  evo¬ 
lution — that  life  can  come  only  from  life.  But,  he  said,  they  tend  to 
support  that  portion  of  the  theory  of  evolution  which  holds  that  in  the 
beginning  the  first  living  cell  rose  spontaneously  out  of  the  earth  when 
the  cooling  globe  had  reached  a  temperature,  at  which  chemical  and 
physical  conditions  combined  to  form  the  bits  of  life  in  the  waters. 

He  believes  that  in  time  it  would  be  possible  to  reproduce  the 
animal  and  plant  life  of  a  million  years  ago  and  that  even  some  un¬ 
known  forms  of  life  might  be  evolved  from  the  scientists’  laboratories. 

He  is  now  preparing  to  submit  his  experiments  to  a  board  of 
bacteriologists.  If  accepted  by  the  scientific  world,  he  says  his  find¬ 
ings  will  revolutionize  biology  and  upset  doctrines  of  both  funda¬ 
mentalism  and  evolution. 

“Boiling,”  says  Mazur,  “will  kill  the  vital  speck,  which  I  get  from 
the  air” ;  whether  or  not  his  findings  are  due  to  contamination — -must 
be  awaited  by  further  reports,  demonstrations  and  verification. 

Other  workers,  e.  g.,  Dr.  Bailey,  of  Liverpool,  members  of  the 
Rockefeller  Institute  in  New  York  and  Federal  Government  labora¬ 
tories  have  tried  to  generate  life  and  failed.  The  ingenious  Indian 
physiologist  Bose  has  spent  a  lifetime  working  on  the  subject  without 
the  hoped  for  results.  He  concludes,  however,  “all  substances  mani¬ 
fest  at  least  some  of  the  phenomena  of  life,  even  metals  are  subject  to 
fatigue,  and  need  rest.” 

Searching  for  minute  ultramicroscopic  unfilterable  signs  of  life 
have  revealed  the  presence  of  the  “bacteriophage”  now  under  close 
investigation. 
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E.  E.  Free,  writing  in  the  Forum  about  the  generation  of  life, 
states : 

“We  can  now  calculate  what  was  the  composition  of  the  air  and 
of  the  ocean  when  in  the  course  of  time  the  earth  became  cool  enough 
to  hold  a  watery  ocean  at  all.  The  air  contained  no  gaseous  oxygen 
as  it  does  now.  All  the  oxygen  had  gone  into  chemical  combinations. 
Whether  the  air  contained  any  gaseous  nitrogen  is  uncertain.  What 
it  unquestionably  did  contain  was  carbon  monoxide,  the  deadly  gas, — 
existing  in  the  exhaust  of  automobile  engines — and  prussic  or  hydro¬ 
cyanic  acid.  In  the  primitive  ocean,  having  absorbed  gases,  and  there¬ 
fore  full  of  deadly  prussic  acid  and  overlaid  by  an  atmosphere  con¬ 
taining  large  amounts  of  a  poisonous  gas  no  less  deadly,  the  first  life 
arose. 

“It  is  reasonable  to  assume  that  there  occurred  some  natural 
chemical  synthesis  of  glycocoll  or  of  a  similar  material.  Glycocoll  is 
the  simplest  amino  acid,  composed  of  four  elements,  oxygen,  hydro¬ 
gen,  carbon  and  nitrogen  obtained  either  by  destructive  treatment  of 
protoplasm  with  caustic  chemicals,  or  by  a  succession  of  chemical 
reactions  between  the  three  substances  of  the  primeval  ocean  men¬ 
tioned  :  prussic  acid,  carbon  monoxide  and  water.  During  the  three 
or  five  billion  years  which  were  to  elapse  before  the  period  when  we 
find  actual  traces  of  life  in  the  rocks,  there  was  ample  time  for  such 
simple  substances,  as  glycocoll,  to  undergo  additional  chemical  changes 
and  combinations  and  to  be  built  up  into  more  complicated  forms  per¬ 
haps  at  last  into  substances  equivalent  to  our  modern  protoplasm.” 

We  must  work,  therefore,  he  concludes,  with  solutions  of  carbon 
monoxide  and  of  prussic  acid  in  water,  exposing  them  to  conditions 
as  similar  as  possible  to  those  of  the  primeval  ocean. 

III.  Conclusions 

Recent  advances  in  knowledge  of  life  have  demonstrated  that  the 
boundary  line  between  animate  and  inanimate  matter  is  less  distinct 
than  it  ever  was  in  the  conception  of  man.  The  biologist  with  his 
fingers  on  the  keys  of  life  is  gaining  a  continuously  increasing  mastery 
as  a  virtuose — and  who  knows,  may  ulimately  succeed  as  a  composer. 
The  vista,  alone,  which  man  has  opened  by  his  discoveries  of  the  radio¬ 
active  properties  of  certain  elements,  is  without  parallel  in  the  whole 
history  of  science. 

Man  has  learned  to  grow  and  perpetuate  plant  and  animal  tissue, 
such  as  frog  embryo,  chicken  heart,  human  connective  tissue,  has  re¬ 
generated  organs  and  rejuvenated  organisms,  has  disintegrated  the 
molecules  and  penetrated  with  Roentgen  rays  and  other  physical  and 
chemical  means  the  very  organization  of  the  living  cell.  Yes,  man  has 
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even  been  able  to  initiate  cell  division,  a  most  wonderful  life  process, 
through  ordinary  physical  and  chemical  methods. 

He  dares,  as  McDonald  does,  to  define  Life  as  the  relation  of  the 
force  energy  to  the  apparatus  protoplasm,  and  protoplasm  as  an  appa¬ 
ratus  for  transforming  energy ;  to  consider  as  the  basis  of  life  the 
organic  colloid  cell  surrounded  by  a  semi-permeable  membrane  exist¬ 
ing  in  an  aqueous  continuous  phase. 

He  even  ventures  the  attack  on  the  problem  of  artificial  life.  He 
simulates  life  structures,  compounds  life  substances,  and  undauntedly 
tries  experiments  to  create  life  itself.  Not  having  succeeded  in  air, 
containing  oxygen,  he  attempts  now,  as  Free  suggests,  to  arrange 
the  setting  of  conditions  likely  existing  when  the  first  life  was  being 
formed  in  the  ancient  ocean. 

Comparing  life  with  fire,  Lotka  concludes  that  in  nature,  undis¬ 
turbed  by  man,  the  starting  of  a  fire  is  a  rare  event ;  and  that  after  all 
is  the  most  that  we  can  say  positively  regarding  the  origination  of  life 
from  the  non-living ;  it  is  either  so  rare  or  so  unobtrusive  an  event  as  to 
have  escaped  our  observation.  No  doubt  it  took  man  many  thousands 
of  years  to  acquire  the  art  of  lighting  a  fire ;  may  not,  in  the  lapse  of 
time,  a  second  Prometheus  arise  to  teach  us  also  how  to  kindle  the 
torch  of  life? 

Many  a  biological  explorer  will  try  to  create  life,  that  is,  to  find 
exactly  the  right  combination  of  chemicals  and  circumstances  to  make 
creation  a  possibility.  Will  anyone  succeed?  Perhaps.  Let  us  not 
close  our  minds  to  the  possibility  or  bar  his  way.  Let  us  rather  en- 
hearten  the  grasping,  intrepid  adventurer — the  aspiring  engineer  of 
life. 


The  Godly  Task 

Skeletons  scattered  Meath  scum  and  crust 
Tell  us  their  time-worn  tale  : 

Myriads  moulded  of  mud  and  dust 
Live  but  to  fade  and  fail. 


This  dying  life,  mysterious  sign, 

Scarce  yielding  to  searching  probe, 
Pulsates  for  seons  in  sun-glow’s  shine — 
The  riddle,  still,  of  the  globe. 

Who  dares  to  gain  or  imitate 
God’s  mastery  and  skill : 

Control  of  life,  force  to  create? — 

Man  has  unconquered  will ! 

— Arno  Viehocvcr. 


THE  SIGN  OF  THE  SKULL  AND  CROSS-BONES 

By  Ivor  Griffith,  Ph.  M. 

HE  SIGN  of  the  Skull  and  Cross-Bones  is  the  sign  of  Death. 
And  never  was  symbol  more  apt  for  it  speaks  the  immutable,  uni¬ 
versal  language.  Out  on  the  sun-parched  sands  of  Sahara,  where  a 

whitened  skeleton  mutely  marks  the  tragic 
end  of  a  hopeless  trail — or  sailing  the  China 
seas,  nailed  to  the  sail  pole  of  a  pirate  junk — 
or  painted  roughly  on  the  threshold  of  a 
marked  and  hunted  victim  of  the  wild 
Camorra — or  stamped  in  vivid  red  on  the 
apothecary’s  label — everywhere  it  has  the 
same  significance — everywhere  it  is  the  same 
unpleasant  symbol  of  the  unwelcome  but  in¬ 
evitable  end. 

Silently  but  certainly,  it  engenders  fear 
in  the  heart  of  all  who  see  it,  and  the  jungle 
Javanese  understands  its  meaning  as  thoroughly  as  the  Gotham  alley 
rat. 

Yet  despite  the  ghoulishness  of  the  subject,  and  our  fear  of  its 
symbolism,  certain  of  its  aspects  are  extremely  interesting.  Indeed, 
so  entrancing  a  study  is  that  of  poison,  that  there  is  a  vast  literature 
available  on  the  subject.  Nor  is  this  strange,  for  there  is  a  subtlety 
and  mystery  about  poisons,  their  smooth  silent  manner  of  destroying 
life,  that  exercise  a  compelling  fascination. 

In  addition  there  is  the  fact  that  of  all  its  instruments,  there  is 
none  so  commonly  used  by  the  Hooded  Figure,  as  this  weapon  of 
poison.  Death  by  poison,  indeed,  is  not  necessarily  criminal  or  in¬ 
spired,  for  whether  the  end  comes  by  parasitic  or  germ  disease, 
whether  by  organic  failure,  or  hemorrhage  or  shock,  or  whether  it  be 
the  natural  death  of  senility- — all  are  deaths  by  poison. 

Moreover,  poisons  have  played  a  most  important  part  in  fram¬ 
ing  history.  Indeed,  to  them  is  largely  due  man’s  dominant  position 
upon  this  planet,  a  fact  to  which  we  shall  refer  again. 

Early  historical  records  are  replete  with  poison  plots.  Emperors 
and  kings  have  tumbled  from  their  thrones,  victims  of  the  dread 
“black  bottle” — and  empires  and  kingdoms  have,  by  the  same  token, 
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frequently  changed  their  destinies.  In  romance  and  in  crime — for 
love  and  for  hate — to  quench  and  to  quicken  ambition — the  poison 
vial  has  played  its  effective  part.  Nor  is  its  career  completely  spent. 
For  even  today  there  is  none  to  deny  its  inspired  performances. 

Despite  the  fact  that  the  science  of  chemical  analysis  has  made 
the  detection  of  poisons  a  fairly  simple  procedure,  and  despite  the 
fact  that  civilization  has  provided  handier  lethal  instruments — the 
way  of  the  poison  vial  is  still  known’ to  the  subtle  criminal — and  many 
the  poor  victim  now  vaulted  in  earth  whose  end  came  by  appointment. 
The  pink  certificate,  though  writ  with  best  intentions,  does  not  always 
tell  the  truth. 

Of  course  the  world  has  got  better — and  as  I  go  on  with  my 
story  we  may  come  to  agreement  on  this  point.  For  instance,  there 
was  a  day  in  Rome  long  ago,  when  wives  competed  with  each  other, 
for  the  most  convincing  and  yet  mysterious  way  of  sending  a  husband 
to  Jupiter.  They  got  rid  of  their  husbands  just  as  a  matter  of  pol¬ 
icy.  Today  we  occasionally  hear  of  a  husband  being  dispensed  with 
as  a  matter  of  insurance  policy.  Then  it  was  prudence  that  made 
wives  poison  their  husbands — now  it  is  Prudential. 

But  what  is  a  Poison? 

Let  us  just  seek  the  origin  of  the  word  and  then 
attempt  a  definition. 

It  is  generally  accepted  that  the  word  came  to  us  from  the  Latin, 
by  way  of  the  French.  Potio — a  Latin  verb  meaning  “to  drink,” 
gives  us  the  words  pot,  potable,  potion  and  poison.  On  its  road  it 
suffered  some  mutilation  for  the  Middle  English  had  it  as  puson, 
piuson  and  poyson.  The  odd  mutation  of  a  perfectly  harmless  word 
such  as  potion  into  the  much  more  significant  word  “poison”  is  not 
readily  accounted  for — except  that  the  latter  word  came  to  be  spe¬ 
cially  dedicated  to  a  “deadly  drink.”  Anyway  we  have  in  the  modern 
English  the  two  words — potable  and  poisonous,  which  despite  a  com¬ 
mon  origin  are  entirely  dissimilar  in  meaning. 

In  an  old  French  version  of  the  New  Testament,  the  good 
Samaritan  is  singularly  described  as  a  poissoner,  thus  giving  to  the 
uninitiated  a  perverted  sense  of  the  happy  parable.  Elsewhere  we 
find  that  the  old  French  and  Middle  English  word  Pois — meaning  “to 
weigh  out  in  small  portions” — is  claimed  as  the  origin  of  the  word 
poison. 

Yet  another  alludes  to  the  French  word  for  fish,  namely,  pois- 
son ,  as  a  possible  source.  Still  it  is  natural  to  conclude  that  this  word 
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also  came  from  the  first-named  word  potio  (to  drink)  for  it  is  a  well- 
known  fact,  anyway,  that  fish  spend  much  of  their  time  drinking. 

While  on  the  subject  of  etymology  there  is  much  that  is  interest¬ 
ing  about  the  origin  of  some  other  words  associated  with  poison. 
Tox,  which  is  the  syllable  whence  conies  such  words  as  toxicology 
(the  study  of  poisons),  intoxication,  toxemia,  antitoxin,  etc.,  is  of 
Greek  origin.  The  Greek  neuter  noun  “toxon”  means  a  “bow”  and  in 
the  plural  was  used  for  the  bow  and  arrow  and  even  for  arrows  alone. 
Arrows  tipped  with  poisons,  such  as  snake  venom,  have  been  used  in 
warfare  since  the  dawn  of  history  and  the  mutation  of  this  Greek 
root  as  it  came  to  us  through  the  French,  is  thus  readily  accounted 
for.  Indeed  so  recent  an  authority  as  the  New  English  Dictionary 
defines  the  word  Toxology — as  the  art  of  the  bow  and  arrow. 

It  may  be  of  further  interest  to  note  that  the  Hebrews  use  the 
same  word  to  describe  both  the  bow  of  warfare  and  the  rainbow.  To 
them  that  phenomenon  was  God’s  weapon  forever  hung  high  on 
clouds,  a  symbol  and  an  earnest  of  His  promise,  never  again  to  punish 
with  flood  and  hurricane  His  sinning  children. 

“And  it  shall  come  to  pass  when  I  bring  a  cloud  over  the  earth, 
that  the  bow  shall  be  seen  in  the  cloud  and  I  will  remember  my  cove¬ 
nant  which  is  between  me  and  you  and  every  living  creature  of  all 
flesh;  and  the  waters  shall  no  more  become  a  flood  to  destroy  all 
flesh.” 


DEFINITIONS 
LEGAL  AND 
OTHERWISE 


And  now  comes  the  definition.  Scientists  have 
never  agreed  on  one  definition.  They  rarely  do  on 
any  definition.  Every  authority  sports  his  own — 
and  they  are  at  great  variance  in  some  respects — and  often  incom¬ 
plete.  Here  are  a  number  of  such  definitions. 

“Poisons  are  such  inorganic  or  organic  substances  as  are  in  part 
capable  of  artificial  preparation,  in  part  existing,  ready  formed,  in 
the  animal  or  vegetable  kingdom,  which,  without  being  able  to  repro¬ 
duce  themselves,  through  the  chemical  nature  of  their  molecules  under 
certain  conditions,  change  in  the  healthy  organism  the  form  and  gen¬ 
eral  relationship  of  the  organic  parts,  and  through  annihilation  of 
organs,  or  destruction  of  their  functions,  injure  health,  or,  under 
certain  conditions,  destroy  life”  (Husemann). 

According  to  Robert — “Poisons  are  organic  or  inorganic  unor¬ 
ganized  substances  originating  in  the  organism  itself,  or  introduced 
into  the  organism,  either  artificially  prepared,  or  ready  formed  in 
nature,  which  through  their  chemical  properties,  under  certain  con- 
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ditions,  so  influence  the  organs  of  living  beings,  that  the  health  of 
these  beings  is  seriously  influenced  temporarily  or  permanently.” 

Blyth  prefers  the  following :  “A  substance  may  be  called  a  poi¬ 
son  if  it  is  capable  of  being  taken  into  any  living  organism,  and 
causes,  by  its  own  inherent  chemical  nature,  impairment  or  destruction 
of  function.”  Sollmann  states  that,  “A  poison  is  any  substance 
which,  acting  directly  through  its  inherent  chemic  properties,  and  by 
its  ordinary  action,  is  capable  of  destroying  life,  or  of  seriously  en¬ 
dangering  health,  when  it  is  applied  to  the  body  externally,  or  in 
moderate  doses  (to  50  gms.)  internally.” 

For  obvious  reasons  the  Law  also  defines  a  poison — and  the 
Pennsylvania  State  Law  embodies  as  its  interpretation  of  a  poison 
“a  substance  deleterious  to  life  in  doses  of  60  grains  or  less.” 

Yet  with  all  of  these  high-sounding  explanations,  for  definitions 
they  are  most  indefinite.  Almost  anything  is  a  poison  if  taken  in 
large  enough  quantities,  and  on  the  other  hand  there  is  scarcely  any¬ 
thing  that  cannot  be  safely  ingested  if  the  quantity  be  minute  enough. 
A11  old  English  definition,  said  to  have  originated  with  “Bluidy”  Mac- 
Kenzie,  hated  by  good  Scots  everywhere,  is  as  follows :  “The  best  of 
droggis  given  in  great  excess  is  poyson,  for  poyson  consists  in  excess 
of  quantity  as  well  as  of  quality, and  whatever  overpowers  our  nature.” 
So  ordinary  a  compound  as  common  salt  may  promptly  poison  the 
human  being  if  enough  be  indulged  in  at  one  dose.  The  Chinese  fre¬ 
quently  commit  suicide  by  eating  a  cupful  of  salt,  and  even  the  Bible 
tersely  bids  us  to  remember  Lot’s  wife,  who  died,  it  is  said,  of  some 
such  salification.  One  may  eat  four  eggs  for  breakfast,  and  still  live, 
but  a  teaspoonful  of  egg  albumin,  injected  into  the  vein,  will  kill  as 
certainly  as  strychnine.  Even  distilled  water  is  fatal  if  much  is  so 
injected. 

On  the  other  hand,  so  active  a  substance  as  strychnine  may  not 
only  be  harmless,  but  actually  a  valuable  medicine,  if  taken  in  suf¬ 
ficiently  small  doses.  One  grain  of  strychnine  will  kill  the  nine  lives 
of  one  cat,  but  divided  between  ninety  cats  it  becomes  a  mighty  tonic 
— sleeks  their  fur,  stimulates  their  purr  and  spreads  their  meow  two 
octaves  broader. 

Then  again,  there  is  the  element  of  time.  Some  poisons  are 
cumulative,  that'  is,  they  remain  in  the  body,  adding  to  their  bulk, 
little  by  little,  until  the  deposit  finally  becomes  large  enough  to  break 
the  bank.  Such  a  drug  is  arsenic.  Certain  vegetable  drugs  are  said 
to  act  in  a  similar  fashion. 
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Indeed,  if  we  consider  aright,  there  are  many,  many  things 
which  may  be  classed  as  cumulative  or  else  time  poisons,  substances 
which  we  ordinarily  never  think  of  as  such. 

What  is  more  blessed  to  that  grand  institution,  the  American 
husband,  at  break  of  morn,  than  the  warm  aroma  of  good  coffee, 
wafting  in  through  the  open  kitchen  doorway  ?  And  to  the  monocled 
Englishman — what  can  compare  with  the  delicious  content  of  a  tea¬ 
pot  or  two?  Yet  both  of  these  beverages  contain  a  poison — and  one, 
which  has  a  definite  tendency  to  shorten  our  lives,  providing  it  be  fre¬ 
quently  indulged  in. 

Consider  tobacco.  Do  you  remember  the  day  of  the  primary 
sacrifice  at  Nicotine’s  altar?  And  what  a  sacrifice  that  was!  Did 
you  doubt  then  that  tobacco  had  in  it  a  poison — when  you  and  your 
gastric  contents  were  so  suddenly  parted?  Of  course,  you  have  since 
then  acquired  a  tolerance,  but  it  is  only  superficial — for  tobacco, 
whether  it  be  in  my  lady’s  denatured  cigarette,  or  in  Papa’s  succulent 
pipe,  has  in  it  a  violent,  virulent  poison,  and  its  continued  use  is 
bound  to  be  detrimental.  Yet  there  is  a  consolation,  which  every 
Lazarus  among  us  should  know — and  that  is,  that  Dives  smoking  his 
dollar  cigar  gets  a  great  deal  more  nicotine  in  his  system  than  he  who 
smokes  the  cheaper  brands. 

I  submit  that  the  destructive  distillation  which  tobacco  under¬ 
goes  during  the  smoking  operation  greatly  modifies  its  character,  and 
that  the  products  which  reach  the  lung  of  the  smoker  are  not  just 
nicotine,  but  probably  pyridine,  furfural  and  like  compounds.  Yet, 
would  it  not  be  strange  if  every  package  of  tobacco  carried  the  sign 
of  the  skull  and  cross-bones? 

And  there  is  ethanol  or  grain  alcohol. 

In  small  doses,  largely  diluted  with  water,  no  one  has  ever  ac¬ 
cused  this  drug  of  being  unduly  poisonous.  It  has  considerable  vogue 
as  a  legitimate  medicine.  Even  the  most  fastidious  prohibitionist 
can  be  charged  with  consuming  small  quantities  of  alcohol,  perhaps 
without  knowing  it — yet  as  certainly  as  one  who  wittingly  drinks  it. 
For  every  glass  of  buttermilk  or  soured  milk — every  over-ripened 
fruit — every  pickled  fruit  or  vegetable — every  bottle  of  home-made 
root  beer,  contains  a  trace  of  alcohol.  Nor  would  we  call  these  poi¬ 
sons  on  that  account. 

But  on  the  other  hand,  who  lingers  to  long  with  Bacchus — who 
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dallies  too  much  with  the  juice  of  the  vineyard  or  with  essence  of 
still — will  eventually  find  his  Nemesis.  For  alcohol  in  quantity  and 
frequently  indulged  in,  is  a  poison.  Listen  to  a  textbook  description 
of  its  physiological  properties : 

“Alcohol  is  a  cerebral  depressant  and  a  narcotic  poison.  Long- 
continued  use,  even  in  moderate  doses  congests  the  stomach  and  liver, 
over-irritates  the  gastric  glands — and  depresses  the  heart  and  the  ar¬ 
terial  tension.” 

“In  large  doses  it  destroys  pepsin,  produces  intoxication,  hallu¬ 
cinations,  delirium,  muscular  inco-ordination  and  sometimes  death  by 
paralysis  of  the  heart  and  respiration.” 

Over  and  above  two  ounces  cannot  be  oxidized  in  a  day — any 
amount  beyond  that  is  a  poison  in  the  system,  setting  up  structural 
changes  in  the  organs  and  lowering  the  resistance  of  the  body.  The 
very  fact  that  wine  cannot  be  made  by  simple  fermentation,  having  a 
concentration  greatly  beyond  15  per  cent,  is  ample  proof  of  the  poi¬ 
sonous  nature  of  alcohol.  For  at  a  strength  of  15  per  cent  alcohol 
will  kill  the  yeast  cells — the  very  organisms  which  work  to  produce 
it. 

Alcohol  is  a  preservative  because  it  is  a  poison — for  no  self-re¬ 
specting  germ  can  hope  to  live  in  its  presence. 

But  we  shall  have  yet  more  to  say  of  alcohol. 

Still  another  debatable  point  has  to  do  with  the  question  of 
absorption.  For  a  substance  may  kill  if  taken  into  the  constitution 
without  itself  being  inherently  poisonous.  A  box  of  tacks  never 
carries  a  poison  label,  yet  who  would  think  of  adding  to  his  hemo¬ 
globin  by  swallowing  a  boxful?  Death  would  inevitably  follow.  The 
same  is  true  of  powdered  glass — and  similar  traumatic  instruments 
of  death. 

Indeed,  no  matter  how  we  consider  the  definition — we  are  forced 
to  the  conclusion  that  there  is  so  much  relativity  or  degree,  and  so 
many  diversified  aspects  to  it,  that  we  might  just  as  well  go  on  with 
our  story,  with  whatever  understanding  we  may  have.  Passing  on, 
then,  we  will  ignore  the  systematic  classification  of  poisons  and  con¬ 
ditions  modifying  the  efifects  of  poison  and  other  phases  of  toxicol¬ 
ogy* 

*We  even  pass  by  the  interesting  question  of  the  manner  of  acting  of  poi¬ 
sons,  for  in  the  subject  alone  is  material  enough  for  half  a  dozen  lectures.  Be¬ 
sides,  it  is  controversial  ground,  and  only  safe,  therefore,  to  those  who  go  well 
armed. 

Thus  do  we  gently,  but  very  wisely,  pass  on  to  safer  territory. 


THE  SIGN  OF  THE  SKULL  AND  CROSS-BONES 


105 


And  from  this  point  on,  so  that  a  semblance  of  order  and  con¬ 
tinuity  may  be  said  to  appear  in  our  story,  I  take  liberty  to  divide 
the  balance  of  my  presentation  into  two  parts,  which  will  be  as  fol¬ 
lows  : 

The  Poisons  and  Poisoned  of  History. 

The  Poisons  in  Food  and  in  Medicines. 


THE  HILLS 
OF  CHAOS 


The  Poisons  and  Poisoned  of  History 

The  use  of  poisons  was  undoubtedly  known  to  primitive  man 
early  in  his  existence.  One  is  so  accustomed  to  think  of  the  cave 
man  only  as  a  wielder  of  clumsy  clubs  and  crude  stone  instruments. 
Yet  he  must  have  possessed  considerable  knowledge  of  poisons,  for 
what  fragments  of  records  we  have,  indicate,  in  some  respects,  his 
understanding  of  the  fatal  art. 

from  over  There  is  no  more  fascinating  phase  of  human 

existence  than  this  daybreak  of  intelligence — when 
the  being  called  man  emerged  from  the  space-cover¬ 
ing  animal  into  the  time-binding  pattern  of  God.  One  only  speculates 
as  to  how  long  this  procedure  occupied.  Certainly  many  long  millenia. 
Yet,  finally,  over  the  hills  of  chaos  the  thinking  creature  dawned,  and 
it  was  not  without  purpose  that  man,  this  creature,  soon  found  him¬ 
self  the  privileged  tenant  of  the  universe.  And  he  knew  it ! 

To  his  primitive  mind  it  was  a  foregone  conclusion  that  the 
earth  and  all  upon  and  below  its  surface  belonged  to  him  and  him 
only.  It  had  been  fashioned  especially  for  him,  to  furnish  his  food, 
his  fun  and  his  physical  comfort.  Everything  on  earth  was  for  the 
service  of  man  and  nothing  existed  that  was  not  so  disposed. 

Yet  in  establishing  his  dominion  he  came  upon  countless  diffi¬ 
culties.  Enemies,  huge  and  powerful,  beset  him  everywhere.  The 
cunning  creatures  of  the  wilderness — his  own  wandering  cousins — 
slimy,  creeping  things  of  the  bogs  and  marshes — even  the  berries  on 
the  trees  conspired  against  him.  But  he  set  his  brains  to  save  his 
face,  and  soon  he  had  the  answer.  Said  he,  “I  will  turn  mine  enemies 
against  each  other.” 

With  his  clumsy  spear  of  flint  he  smote  the  coiling  snake  or 
creeping  lizard,  whose  wicked  bite  his  fathers  knew.  Out  of  their 
fangs  he  drew  the  poison  venom,  and  smearing  his  arrow  tip  with 
this  he  laid  low  his  tribal  enemy  and  even  caused  the  towering  mam¬ 
moth  to  totter  in  its  tracks.  He  knew  also  the  selective  deadliness  of 
the  red  berries  of  the  bush  and  of  the  green  things  that  grew  in  pro- 
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fusion  about  him.  Sudden  and  horrible  deaths  seemed  to  spring  from 
nowhere  with  the  mere  eating  of  them.  Devils,  he  blamed  at  first, 
but  when  the  same  red  berry  or  the  same  green  leaf  repeated  its  ter¬ 
rible  killings,  he  soon  learned  to  fix  their  identity  and  fear  their  subtle 
powers. 

But  man  has  ever  been  acquisitive,  and  it  was  not  long  before 
he  put  to  use  the  poison  of  leaf  and  berry.  Who  first  learnt  these 
secrets  undoubtedly  kept  them  inviolate,  and  so  wielded,  for  the  time, 
immense  power  over  his  comrades — just  as  in  late  days  the  medicine 
man  and  priest  of  the  North  American  Indians  dominated  his  tribe 
because  of  his  knowledge  of  plants  and  poisons. 

But  in  their  warfare  against  other  tribes,  against  mammoth  and 
mastodon,  every  comrade  carried  arms.  The  prepared  juice  of  the 
poison  plant,  and  the  venom  of  snake  and  toad,  smeared  over  arrow 
and  spear,  soon  made  these  two-legged  beings  masters  of  plain  and 
mountain.  Today  in  the  remains  of  their  rude  abodes,  in  cave  or 
temple,  the  archeologist  and  his  band  find  mute  evidences  of  this 
valiant  fight  for  worldly  dominance.  Arrowheads  and  spearheads 
worked  with  depressions,  presumably  for  holding  the  poisons  have 
been  found  in  cave  remains  of  the  paleolithic  period  in  Europe. 

So  we  see  how  important  a  part  the  poisoned  dart  and  the  en¬ 
venomed  spear  have  played  even  in  the  earliest  stages  of  the  ascent 
of  man.  Very  recently  a  famous  evolutionist  expressed  the  opinion 
that  man  rose  above  the  beast  when  he  first  learned  to  utter  speech. 
One  has  to  be  neither  an  evolutionist  nor  famous,  to  appreciate  that 
the  bandy-legged  dinosaur  would  have  succumbed  much  sooner  to  a 
dozen  poisoned  arrows  than  to  a  scolding  in  any  language. 

And  on  through  history  the  poisoned  weapon  has  ever  been  an 
instrument  of  destruction.  Not  even  the  Bible  can  refrain  from 
mention  of  them,  for  Job,  the  Scriptural  paragon  of  patience  states, 
in  his  special  bureau  of  complaints,  that 

“The  Arrows  of  the  Almighty  are  within  me, 

The  poison  whereof  my  spirit  drinketh  up.” 

And  even  today  in  darkest  Africa,  venturesome  explorers  fear 
the  poison  dart  of  the  pigmy  savages  infinitely  more  than  the  lion’s 
claw. 

The  literature  of  Greece  and  Rome  is  replete  with  references  to  this 
polite  and  effective  practice.  Homer  mentions  them  in  the  “Odyssey” 
and  Alexander  was  not  above  using  them  in  the  conquest  of  his  world. 
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Hippocrates,  the  Greek  family  doctor,  devotes  much  space  in  his 
“Practice  of  Medicine”  to  sundry  ways  of  combating  their  evil  ef¬ 
fects.  Ovid,  in  his  metamorphic  songs  tells  of  insulted  Apollo,  who 
slung  his  poisoned  arrows  inflicting  men  with  plagues  and  pestilences. 
Cupid,  to  this  day  is  pictured  with  his  bow  and  quiver  full  of  arrows 
— and  those  of  us  who  have  happily  felt  the  sting  of  his  well-directed 
dart,  can  attest  to  the  fact  that  he  had  a  potent  poison  on  his  weapon, 
withal  not  fatal,  but  mighty  strenuous  on  the  heart — and  lasting  some¬ 
times  for  a  lifetime.  There  are  some,  today,  however,  who  have  it 
that  Cupid  has  changed  his  brand — or  else  that  humanity  has  acquired 
a  partial  immunity  to  his  cunning. 

Celts  and  Gauls,  according  to  Pliny,  also  practiced  this  poison 
inode  of  warfare,  the  former  using  vegetable  poisons  made  deadlier 
by  mixing  with  putrefied  blood  and  poisonous  toadstools.  And  from 
that  early  day  to  this  the  poisoned  arrow  and  spear  have  been  the  in¬ 
struments  of  warfare  of  numberless  tribes  and  nations  all  over  the 
world. 

In  Africa,  where  the  surge  of  civilization  yet  beats  against  the 
impregnable  jungle,  the  wily  native  still  uses  this  primitive  and 
ghastly  mode  of  dealing  death.  And  strangely  enough  he  finds  an¬ 
other  use  for  poison.  He  uses  it  as  a  means  of  enforcing  the  law. 
Commonly  this  practice  is  termed  “ordeal  by  poisoning.”  The  sus¬ 
pect  is  politely  requested  to  drink,  on  an  empty  stomach,  a  bowl  of 
liquid,  which  may  be  an  infusion  of  the  deadly  sassy  bark  ( erytliroph - 
leum  guineense)  or  the  calabar  bean,  or  some  variety  of  strychnos,  or 
curare,  or  other  deadly  drug. 

He  is  then  led  to  the  village  combination  swimming  hole  and 
drinking  trough  where  he  is  permitted  to  drink  as  much  water  as  his 
tissues  will  hold.  Of  course,  witnesses  are  present  to  see  that  no 
antidote  is  indulged  in.  Now,  the  naive  African  theory  is  that  if  the 
suspect  is  innocent  he  will  survive  the  ordeal — if  guilty,  he  will  not. 
And  there  are  several  advantages  to  such  a  method  of  trial.  In  the 
first  place  there  are  no  lawyer  fees  for  the  estate  to  worry  over,  and 
in  the  second  place  it  affords  an  effective  checkmate  to  the  unusual 
high  birth  rate  among  these  jungle  tribes.  Then  again,  it  does  away 
with  jails  and  murderers.  It  is  a  method  which  might  be  safely  com¬ 
mended  to  our  present-day  jurists.  Certainly  it  has  in  it  none  of  the 
maudlin  sentiment  wherewith  the  crimes  of  arch  fiends  and  criminals 
are  too  frequently  condoned  by  this  uplifting  day  and  generation. 

Unfortunately,  however,  as  in  all  courts  of  justice,  the  innocent 
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often  suffer  and  the  guilty  escape.  For  it  is  said  that  those  having 
the  wisdom  to  drink  their  fill  of  water  so  excite  the  stomach  that  it 
will  disgorge  its  contents  in  a  perpendicular  direction  and  so  rid  the 
system  of  the  poison.  You  see,  those  who  learn  the  trick  properly, 
cannot  ever  be  guilty.  Thus,  cultivating  an  enormous  gullet  in  Af¬ 
rica  is  comparable  to  cultivating  an  enormous  wallet  in  America. 

Indeed,  the  role  of  the  poison  has  always  been  most  diversified. 
In  many  countries  it  has  replaced  the  hangman’s  noose.  Socrates, 
the  famous  Greek  philosopher,  paid  the  state  penalty  for  having  too 
much  brain  by  drinking  of  the  fatal  hemlock  cup. 

How  realistic  is  Pliny’s  graphic  description  of  that  great  man’s 

end. 

“When  the  fatal  cup  was  brought  he  asked  what  it  was  necessary  for  him 
to  do.  ‘Nothing  more/  replied  the  servant  of  the  judges,  ‘than  as  soon  as  you 
have  drunk  of  the  draught,  to  walk  until  you  find  your  legs  become  weary  and 
afterwards  lie  down  upon  }x>ur  bed.’ 

“He  took  the  cup  without  any  emotion  or  change  in  his  countenance  and, 
looking  at  him  in  a  steady  and  assured  manner, 

“  ‘Well !’  said  he,  ‘what  say  you  of  this  drink?’ 

“  ‘May  a  libation  be  made  out  of  it?’ 

“Upon  being  told  that  there  was  only  enough  for  one  dose,  ‘At  least,’  he 
said,  ‘we  may  pray  to  the  gods  as  is  our  duty  and  implore  them  to  make  our  exit 
from  this  world  and  our  last  stage  happy,  which  is  what  I  most  ardently  beg  of 
them.’ 

“  ‘Having  spoken  these  words  he  remained  silent  for  some  time  and  then 
drank  off  the  whole  draught.’ 

“After  reproving  his  friends  for  indulging  in  loud  lamentations,  he  con¬ 
tinued  to  walk  about  as  he  had  been  directed  until  he  found  his  legs  grow  weary. 
Then  he  lay  down  upon  his  back,  and  the  person  who  had  administered  the  poi¬ 
son  went  up  to  him  and  examined  for  a  little  time  his  feet  and  legs,  and  then 
squeezing  his  foot  strongly,  asked  whether  he  felt  him.  Socrates  replied  that  he 
did  not.  He  then  did  the  same  to  his  legs,  and  proceeding  upwards  in  this  way, 
showed  us  that  he  was  cold  and  stiff,  and  he  afterwards  approached  him  and 
said  to  us  that  when  the  effect  of  the  poison  reached  the  heart  Socrates  would 
depart.  And  now  the  lower  parts  of  his  body  were  cold,  when  he  uncovered 
himself  and  said,  which  were  his  last  words,  ‘Crito,  we  owe  Aesculapius  a  cock. 
Pay  the  debt  and  do  not  forget  it.’ 

“  ‘It  shall  be  done,’  replied  Crito.  ‘But  consider  whether  you  have  any¬ 
thing  else  to  say.’ 

“  ‘Socrates  answered  in  the  negative,’  but  was  in  a  short  time  convulsed. 
The  man  then  uncovered  him ;  his  eyes  were  fixed  and  when  Crito  observed  this 
he  closed  his  eyelids  and  his  mouth.” 

In  Kentucky,  hydrocyanic  acid  now  replaces  the  electric  chair — 
and  is  probably  much  more  efficient  and  certainly  less  costly. 
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Again  for  suicidal  purposes — the  poison  bottle  is  always  “Johnny 
on  the  spot.”  And  the  contention  of  some  who  argue  that  everyone 
who  commits  suicide  must  be  at  least  temporarily  insane — finds  much 
encouragement  in  the  ridiculous  judgment  that  the  victim  so  often 
shows  in  the  matter  of  choosing  the  poison.  Who  but  a  senseless 
idiot  would  ever  select  carbolic  acid  as  a  means  to  an  end?  To  bear 
me  out  in  this  assertion,  I  submit  a  label  taken  from  a  bottle  of  Cal- 


POISON! 


SPECIAL  NOTICE 

INTENDING  SUICIDES  are  hereby 
notified  that  Carbolic  Acid  causes  the  most 
frightfully  suffering  and  lingering  death 
known  to  Science. 

If  determined  to  “go”  why  not  take  the 
easiest  route,  DROWNING,  which  is  said 
to  be  like  a  delightful  slumber,  with  bliss¬ 
fully  ecstatic  dreams. 


Your  Sympathetic  Friends 
THE  ECONOMICAL  DRUG  CO. 


vert’s  carbolic  acid,  popularly  used  for  poison  purposes  a  generation 
or  so  ago. 

But  there  may  have  been  a  real  reason  for  the  prevalence  of  the 
carbolic  acid  poisonings  referred  to,  and  for  many  other  similar  self¬ 
poisoning  epidemics.  For  there  is  a  fashion — a  sense  of  style — that 
beckons  its  followers  here — as  in  every  human  practice.  Let  a  prom¬ 
inent  man  commit  suicide  today  by  eating  paris  green — let  the  news¬ 
papers  headline  this  fact  and  explain  with  exquisite  detail  the  grue¬ 
some  workings  of  the  poison — and  tomorrow  a  score  of  other  idiots 
fade  from  the  picture,  victims  of  a  brand-new  fashion. 
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In  seeking  through  the  literature  for  material  wherewith  to  build 
this  lecture  I  have  been  amazed  at  the  variety  of  poisons,  at  the  ex¬ 
pertness  of  the  poisoners,  and  at  the  wealth  of  pharmacologic  infor¬ 
mation  which  came  into  the  possession  of  the  crude  peoples  of  long 
ago.  Yet  it  is  not  without  reason — for  despite  their  limited  facilities 
for  observation — their  need  for  lethal  weapons  and  their  continuous 
search  for  such  weapons,  mothered  in  a  most  natural  way  their  nu¬ 
merous  inventions.  Practice  makes  perfect — perfection  is  science — 
therefore  practice  is  science  and  science  is  practice. 

For  instance,  how  did  the  Choco  Indians  ever 

THE  SCIENCE  OF  ,  .  .  r  .. 

poisoning  hnd  out  that  if  a  certain  variety  of  tree  lizard  was 
toasted  or  roasted  in  front  of  a  fire  it  would  cause 
to  be  exuded  from  certain  glands  a  terribly  fatal  poison?  How  did 
the  jungle  pigmies  of  the  Congo  come  upon  the  discovery  that  the 
entrails  of  a  perfectly  innocent-looking  upholstered  worm  contained 
something  which  quickly  extinguished  animal  life,  something  which, 
smeared  on  arrow  or  spearhead  would  send  that  weapon  hissing 
through  the  jungle  air  a  certain  emissary  of  death! 

Livingstone,  the  great  explorer,  tells  of  one  of  his  native  car¬ 
riers  who  succumbed  to  a  mere  scratch  caused  by  such  a  poisoned 
weapon.  “Excruciating  agony,  violent  tremors,  and  almost  instant 
death” — yet  states  the  explorer,  “the  jungle  warriors  have  a  prompt 
way  of  antidoting  its  effects  should  they  by  accident  sustain  injury 
from  their  own  weapons.”  For  this  purpose  they  use  another  part  of 
the  same  caterpillar.  “Like  cures  like”  has  been  the  practice  of  the 
jungle  for  time  immemorial — yet  Hahnemann  is  given  the  credit  for 
coining  that  phrase. 

The  Ovambos  of  South  West  Africa  prepare  a  concoction  from 
the  seed  of  the  gtrophanthus  and  a  secretion  obtained  from  red  ants, 
so  deadly,  it  is  reported,  that  a  single  arrow  has  been  known  to  kill  an 
elephant.  Yet,  when  game  is  killed  with  this  same  poison,  the  natives 
merely  add  to  the  wound  the  juice  of  the  boabab  tree,  which  kills  the 
venom,  and  makes  the  meat  edible. 

Malay  cunning  is  proverbial,  and  their  knowledge  of  poisons  is 
encyclopedic.  It  is  claimed  that  their  medicine  men  are  able  to  cause 
loss  of  voice  for  eight  to  ten  days  through  the  oral  administration  of 
certain  vegetable  poisons.  Such  a  medicine  might  be  put  to  very  ef¬ 
fective  use  even  in  civilized  lands.  But  that  is  another  story. 

These  people  have  developed  the  science  of  poisoning  to  such 
an  extent  that  they  can  with  accuracy  time  the  death  of  their  vie- 
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tims,  so  that  it  will  occur  exactly  a  month,  three  months  or  a  year 
from  the  time  of  administering  the  poison.  Also,  it  is  told  of  them 
that  they  know  of  certain  fruits  and  common  vegetables  which  greatly 
help  certain  poisons  in  their  effectiveness. 

Natives  of  the  New  Hebrides  smear  their  arrows  with  damp 
earth  containing  the  lock-jaw  bacillus,  and  a  gummy  exudate  to  make 
the  poison  stick,  a  combination  which  generally  fatally  infects  the 
recipient  of  the  arrow.  For  this  poison  they  use  a  very  sharp,  elon¬ 
gated  arrow  tip,  for  they,  long  before  Pasteur,  knew,  in  their  crude 

way,  that  the  bacillus  of  tetanus  was  an  anaerobic  germ. 

Thus  is  anticipated  some  of  the  ungodly  practices  indulged  in  by 

the  reckless  nations  of  Central  Europe  during  the  great  World  War. 
Indeed  Germany,  when  she  let  loose  that  first  cloud  of  yellow  poison 
gas,  on  that  never-to-be-forgotten  day,  practiced  a  cruder,  more  in¬ 
sidious  and  despicable  mode  of  warfare  than  was  ever  practiced  by 
the  most  primitive  and  fiendish  tribes  of  Africa.  But  that  also  is 
beside  my  story. 

Listen  to  the  ingeniousness  of  this.  Certain  tribes  make  their 
arrowheads  of  a  crystalline  sandstone  so  sharpened  that  their  cutting 
and  flesh  penetrating  qualities  are  very  effective,  yet  so  brittle  that 
if  they  miss  their  victim  they  shatter  into  a  thousand  fragments  and 
thus  cannot  be  reaimed  at  their  original  owners. 

In  India,  with  its  remote  history,  the  poison  has  always  played  a 
most  prominent  role.  One  reads  of  food  tasting  slaves  whose  duties 
preceded  the  regal  lunches — testing  every  dish  and  every  drink  in¬ 
tended  for  their  king.  Every  once  in  a  while,  before  the  feast,  a 
slave  would  turn  up  his  toes  on  the  marble  floor,  whispering  with  his 
dying  breath — 

“Now,  wasn’t  that  a  dainty  dish  to  set  before  a  king?” 

With  the  subtlety  and  cunning  of  the  Orient,  sundry  and  devious 
were  the  death-dealing  devices  of  India.  Incense  saturated  with 
volatile  venom,  whose  fumes  carried  the  message  of  death  to  every 
room  in  the  palace.  Opium  soaked  in  deadly  arsenic,  so  that  its  smoker 
should  never  smoke  again;  rings  of  gold  with  poison  fangs,  whose 
wearers  would  never  live  to  take  them  off ;  queer  candies  loaded  with 
the  tasteless  principles  of  the  wild  datura ;  such  were  the  wily  ways  of 
India. 

It  is  said  that  arsenic,  which  produces  symptoms  much  like  that 
of  Indian  cholera,  came  to  be  quite  the  convenient  poison  fashion  in 
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that  land  at  one  time.  Wives  who  grew  tired  of  their  husbands  as 
quickly  as  our  wives  grow  tired  of  their  Easter  hats,  found  it  a  most 
convenient  way  to  get  rid  of  the  undesirables.  And  the  poor  hus¬ 
bands  died  without  protest,  until  the  custom  grew  so  rapidly  that  the 
survivors  finally  got  together  and  formed  the  first  S.  P.  C.  A. 

After  a  great  deal  of  bribing  and  lobbying  they  finally  persuaded 
their  legislature  to  pass  a  law  that  every  wife  must  expire  on  her  hus¬ 
band’s  funeral  pyre,  a  custom  which  in  parts  of  India  persists  to  this 
day.  Husband  poisoning  quickly  ceased — indeed  it  so  affected  things 
that  husbands  from  then  on  lived  to  a  ripe  old  age  and  insurance 
companies  doubled  their  dividends. 

France  and  Italy,  nations  having  much  in  common  in  the  way  of 
culture  and  refinement — made  poisoning  a  really  fine  art.  In  France 
the  most  expert  poisoner  of  all  time  was  the  Marquise  de  Brinvilliers, 
whose  fancies  were  so  ephemeral  that  she  had  to  devise  some  effective 
way  of  disposing  of  yesterday’s  sweetheart  to  make  room  for  tomor¬ 
row’s.  When  a  young  girl  she  took  a  course  in  poisoning  in  an  Ital¬ 
ian  correspondence  school,  headed  by  an  Italian  poisoner  of  great  re¬ 
nown.  When  she,  the  gentle  lady,  graduated  with  honors  from  that 
institution,  her  next  training  was  purely  clinical.  Under  the  pretense 
of  charity  she  visited  the  hospitals  of  her  city,  and  tried  her  poisons 
on  the  patients  there.  If  they  lived  through  the  experiment  they  were 
lucky,  if  they  died  the  Marquise  was  the  lucky  party.  Thus  she 
learnt  a  great  deal  about  poisons.  Quite  in  conformity  with  modern 
medical  education — now  that  she  had  gone  to  school,  graduated — 
served  her  interneship  in  the  hospital — she  was  a  full-fledged  prac¬ 
titioner.  And  she  had  much  success.  First  she  poisoned  her  father 
and  two  brothers ;  then  some  dear  friends — her  mother-in-law — but 
never  her  husband.  Several  times,  it  is  said,  she  would  give  him  a 
deadly  potion,  but  always,  overcome  with  remorse,  she  would  rush  in 
and  save  his  life  with  the  proper  antidote — probably  just  for  the  joy 
of  making  up  again.  Finally,  however,  in  spite  of  royal  patronage, 
the  lady  was  herself  tortured  to  death  by  what  remained  of  the  popu¬ 
lation  of  France. 

After  her  death  in  1682,  poisoning  became  so  common  that  Louis 
XIY  passed  a  lawf  forbidding  apothecaries  to  sell  poisons  except  to 

fTo  Scotland  belongs  the  honor  of  introducing  the  first  law  of  poisons.  It 
was  passed  in  1450  in  the  reign  of  James  II,  whose  Court  apothecary  had  a  booth 
in  the  bellhouse  in  Edinburgh,  and  enacted  that  “all  persons  are  forbidden  un¬ 
der  pain  of  treason  to  bring  home  poison  for  any  use  by  which  any  Christian 
man  or  woman  can  take  harm.” 
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persons  known  to  them,  and  even  these  had  to  sign  a  book,  provided 
for  the  purpose.  This  was  the  first  “Poison  Register”  established — 
and  in  every  drug  store,  in  every  civilized  country,  it  is  a  require¬ 
ment  that  is  still  imposed  by  law,  and  which  has  been  a  most  effective 
instrument  in  curbing  and  in  detecting  the  criminal  use  of  poisons. 

It  was  the  criminal  use  of  arsenic  and  mercury  that  led  to  the 
introduction  of  poison  laws  in  England,  where,  in  1511,  a  law  was 
passed  making  murder  by  poison  high  treason,  the  exquisite  penalty 
for  breaking  it  being  death  by  boiling  in  an  iron  cauldron. 

Here  is  a  list  of  poisons  used  in  England  for  sundry  and  divers 
purposes  as  early  as  the  seventh  century : 

“Of  deleterious  substances,  the  following  animals  are  de¬ 
structive:  cantharis,  buprestis,  salamander,  pine-caterpillar,  the 
sea-hare,  the  toad,  the  mute  marsh  frog,  and  leeches  when  swal¬ 
lowed;  and  of  seeds,  henbane,  coriander,  fleawort,  hemlock  and 
gith;  and  of  juices,  meconium,  opocarpasum,  thapsia,  elaterium, 
ixia,  hellebore,  black  agaric,  ephemeron  (which  some  call  col- 
chicum  because  it  grows  in  Colchis)  ;  of  trees  and  pot-herbs, 
smilax  (which  some  call  thymium,  but  the  Romans  called  taxus), 
the  strychnos  furiosa  (which  is  called  dorycnium),  the  Sardoan 
herb  (which  is  a  species  of  ranunculus),  horned  poppy,  phari- 
cum,  toxicum,  wild  rue  and  mushrooms ;  of  animal  productions, 
fresh  bull’s  blood,  coagulated  milk;  Heraclean  honey;  of  metals, 
gypsum,  ceruse,  lime,  arsenic,  sandarach,  litharge,  adarce,  lead 
and  that  which  is  called  mercury;  and  of  other  articles,  much 
wine  taken  at  a  draught  after  a  bath,  or  cold  water  in  like  man¬ 
ner.” 


It  was  in  Italy,  however,  that  inspired  poisoning  held  longest 
sway.  From  the  balmy  days  of  Rome  through  to  the  Middle  Ages, 
Latin  history  abounds  with  sinister  stories.  By  the  government  itself 
the  effective  poison  was  used  as  the  weapon  of  diplomacy.  States¬ 
men  vied  with  each  other  in  the  toxic  arts,  and  the  better  the  poisoner 
the  better  the  statesman.  In  the  Church,  also,  priests  climbed  over 
the  dead  bodies  of  their  victims  into  the  papal  eminences. 

the  halcyon  Indeed  it  was  in  Italy,  in  the  land  of  romance, 

days  of  that  poisoning  had  its  halcyon  days.  The  poison  fad 
lasted  there  long  after  its  passing  elsewhere,  for  it 
suited  the  remorseless  refinement  of  the  Latin  much  better  than  the 
blunt  and  cruder  lethal  weapons  of  other  lands.  The  halberd  and 
sword,  the  axe  and  lance,  were  tools  of  death  in  any  butcher’s  hands, 
but  the  silent,  slow  and  sure  poison  could  only  be  handled  by  experts. 
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Emperors  of  Rome  hired  champion  poisoners  to  provide  work 
for  undertakers ;  wives  vied  with  each  other  for  records  in  the  lady¬ 
like  art  of  poisoning  husbands  and  wealthy  relatives  who  seemed  too 
healthy.  Indeed,  we  are  told  of  one  Locusta,  who  was  made  the  offi¬ 
cial  court  poisoner  by  Nero — who  so  pleased  that  Emperor  by  her 
clean-cut  way  of  poisoning  his  step-son  that  he  immediately  gave  her 
a  hundred  healthy  slaves  wherewith  to  try  to  improve  her  art. 

“Toffana  water” — possibly  the  most  atrocious  poison  of  all  time, 
was  the  invention  of  an  Italian  woman.  It  was  an  arsenic  distillate 
sold  in  little  vials  and  presumably  intended  as  a  beautifier  when  taken 
in  small  doses.  Secretly,  however,  instructions  were  given  as  to  how 
it  could  be  expeditiously  used  to  remove  even  the  strongest  to  king¬ 
dom  come.  Upon  its  label  it  bore  the  picture  of  a  Saint — and  when 
properly  administered  it  never  failed  in  its  sanctifying  business. 

Six  hundred  victims  are  attributed  to  its  use.  After  the  Countess 
Toffana  came  Hieronyma  Spara,  who  organized  a  secret  society  of 
Roman  ladies  of  high  caste,  composed  chiefly  of  young  and  faithless 
wives. 

Later  still  came  the  church-going  Borgias,  whose  family  name 
has  become  synonymous  with  fatal  poisoning.  They  brought  the  art 
of  poisoning  to  its  pinnacle  of  perfection.  Any  one  invited  to  dine 
with  Cesare  Borgia  always  made  arrangements  with  the  grave-diggers 
before  going.  Somehow,  upon  one  occasion,  because  of  a  hitch  in  the 
program,  several  guests  escaped  the  poison  dinner,  but  the  host  gal¬ 
lantly  invited  them  to  stay  for  supper.  They  did.  The  Borgias 
seemed  to  know  much  about  the  ptomaines,  for  their  keenest  and  most 
fatal  poison  according  to  one  of  their  recipes  was  thus  prepared : 

“Cut  a  young  pig  in  two.  Powder  the  carcass  with  arsenic. 

Let  it  putrefy  for  twenty  days,  meantime  collecting  the  liquids 

that  drip  from  the  rotten  mass.” 

Enough !  But  let  us  not  forget  that  much  of  the  progress  in  sci¬ 
ence,  especially  in  medicine  and  chemistry,  then  called  alchemy,  dates 
back  to  the  Renaissance  period,  and  to  the  researches  of  these  wicked 
but  studious  poisoners. 

Poisons  in  Foods  and  Medicines 

From  the  instant  that  ovum  and  spermatozoon-  unite  to  herald 
our  being,  to  the  dark  day  when 

“We  fold  our  tents  like  the  Arab 
And  as  silently  steal  away” 
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our  ways  are  beset  with  poison  menaces.  Life  is  a  continuous  con¬ 
flict  with  death — and  in  the  individual,  death  is  the  inevitable  victor. 
There  is  a  master  poisoner  in  the  shadows,  ever  scheming  with  his 
endless  toxic  ways  earth’s  children  to  destroy.  His  is  the  joy  of  an¬ 
alysis.  Never  satisfied  with  our  pattern,  he  destroys  us — disorgan¬ 
izes — and  returns  to  dust  again  our  precious  constitutions,  there  to 
remain  till  Life  the  synthetist  again  comes  wandering  by  and  binds 
our  poor  dust  once  more  in  its  electric  fluid. 

So  do  the  cycles  come  and  go.  So  is  matter  bartered  in  the 
scheme  of  things.  And  as  previously  stated,  it  is  Poison  that  plays 
the  pivotal  part  in  Death’s  destruction  as  well  as  in  Life’s  construc¬ 
tion  work.  For  no  matter  how  we  die — whether  by  germ  disease  or 
shock  or  old  age — it  is  poison  that  always  kills  us — and  all  through 
life  we  are  constantly  dealing  in  poisons — the  coffee — the  tea — the 
cigar — the  cocktail — our  medicines — our  automobile-infected  air — all 
of  these  things  are  poisons  to  some  degree  or  another. 

But  I  should  like  to  have  time  to  talk  of  poisons  in  many  other 
ways.  There  is  ricin,  a  poison  so  potent  that  a  grain  will  kill  a  circus 
of  elephants— yet  it  is  obtained  from  the  castor  bean,  which  furnishes 
castor  oil — a  poison  only  to  little  children.  There  are  the  cyanides, 
built  up  from  the  harmless  carbon  and  the  inert  nitrogen.  Yet  these 
simple  elements — once  they  are  suitably  linked,  form  a  poison 

“more  deadly  than  a  mad  dog’s  tooth.” 

And  then  we  have  ignored  the  antidotes — or 
antidotes  those  substances  which  antagonize  poisons.  History 
is  full  of  foolish  fancies  in  regard  to  these.  The 
unicorn’s  horn — the  universal  antidote  of  Mithridates  VI,  said  to  be 
the  origin  of  the  fad  of  polypharmacy;  Elisha’s  antidote  at  Gilgal — 
when  he  caused  a  powder  to  be  added  to  the  soup  of  poison  herbs  fed 
to  the  sons  of  the  prophet.  Said  they,  “There  is  death  in  the  Pot”- — 
and  Elisha,  the  first  colloid  chemist — threw  in  the  powder  that  prob¬ 
ably  adsorbed  the  vicious  alkaloids.  Then  we  have  that  other  evi¬ 
dence  of  Thomas’  doubtful  mind  when  we  are  told  of  a  gate  which 
he  built  of  horns  of  the  rhinoceros  for  Gundoforus  the  Great,  a  de¬ 
vice  which  was  supposed  to  keep  all  poisons  out. 

Did  you  know  that  an  opal  turns  pale  beside  a  poison  and  that 
peacocks  ruffle  their  feathers  and  screech  like  mad  when  a  poison  is 
close  by? 

Or  I  should  like  to  have  the  time  to  talk  of  such  things  as  the 
poison  by-products  of  growth,  or  the  poison  sewage  of  the  body — 
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of  the  poison  manifestations  of  fatigue  and  of  disease,  of  ptomaines 
and  toxins,  alkaloids  and  organic  poisons,  of  the  poisons  of  old  age, 
of  the  poison  end  gases  deposited  in  the  muscles  through  exercise, 
of  the  poisons  used  in  industry,  and  as  insecticides  and  the  like. 

But  these  are  stories  much  too  involved  to  be  told  here. 

And  so  for  the  brief  time  remaining  at  our  disposal  I  prefer  to 
refer,  in  a  very  unsystematic  way,  to  some  facts  regarding  poison  in 
foods  and  medicines. 

Prior  to  the  passage  of  the  Pure  Food  and  Drugs  Act  and  other 
similar  legislation  elsewhere,  life  hereabouts  must  have  been  ex¬ 
tremely  hazardous.  For,  in  addition  to  what  might  be  termed  the  in¬ 
spired  poisons,  there  were  many  toxic  substances  introduced  into 
foods  and  medicines  either  through  downright  criminal  deceit  or  else 
through  ignorance. 


POISONS  IN 
FOOD 
PRODUCTS 


Poisonous  preservatives  and  correctives  of  all 
kinds  were  used  in  edible  products.  Borax  and  for¬ 
maldehyde  were  found  in  milk,  alum  in  flour,  salts 
of  copper  in  canned  peas  and  beans,  fish  berries  and  carbonate  of  lead 
in  beer,  red  lead  oxide  or  Venetian  red  in  sauces  and  catsups,  vermil¬ 
ion,  a  mercury  compound,  in  cheese,  sugar  of  lead  in  doctored  wines, 
chrome  yellow  in  cakes,  gamboge  in  candy,  lead  salts  in  drinking 
water.  Nothing  seemed  to  escape  the  cooking  pot  and  Frederick 
Accum,  of  England,  writing  two  centuries  ago,  introduces  his  book  on 
Food  Adulteration  thus :  “This  book  is  to  impress  the  mind  of  the 
Publick  with  the  magnitude  of  an  evil  which  prevails  to  such  an  ex¬ 
tent  that  we  may  exclaim  with  the  sons  of  the  Prophet : 


“There  is  death  in  the  pot.” 


Let  me  draw  you  a  picture,  let  us  say  in  1870  or  1880,  of  just 
one  hazardous  day  in  a  Philadelphia  dietary.  Before  using  the  paint 
brush  too  generously,  I  caution  my  listeners  to  be  discreet  about  com¬ 
ing  to  conclusions  too  abruptly,  for  the  picture  which  I  draw  is  cubist 
— that  is,  you  have  to  squint  at  it  or  you  may  have  to  stand  on  your 
head  in  order  to  appreciate  it  properly. 

the  hazards  “Out  of  bed  at  five-thirty — and  up  here  in 

in  old  Northern  Liberties  we  still  have  use  for  oil  lamps. 
Philadelphia  g0  j  j-gj^  one  that  stands  on  the  table  of  my  bed¬ 
side.  Now,  this  may  blow  up  anytime,  for  they  tell  me  that  the  Oil 
Companies  have  to  find  some  way  of  getting  rid  of  the  gasoline,  so 
they  simply  mix  it  with  the  kerosene.  It  will  mean  a  fortune  to  the 
person  who  discovers  some  good  use  for  this  dangerous  gasoline. 
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“I  wash  up  in  the  china  bowl — and  despite  the  fact  that  I  have 
had  my  window  down  all  night  to  keep  the  cold  out — yet  the  water  in 
the  basin  is  covered  with  thin  ice.  But  a  little  brisk  •  lathering  and 
brisker  scrubbing  sets  my  blood  cells  caroming  through  my  consti¬ 
tution — and  I  feel  fit  as  a  fiddle — only  some  of  the  free  alkali  from 
this  home-made  soap  gets  in  my  eye  and  burns  like  the  very  dickens. 
Some  day  some  bright  aleck  will  invent  a  floating  soap,  99.9  per  cent, 
pure — then  it  won’t  be  so  difficult  to  find  it  under  the  bubbles.  I 
needn’t  shave  today — I  have  three  days  to  go  before  the  week’s  up. 
Oh,  yes !  tooth  scrubbing — I  must  not  forget  that — still,  I  have  to  let 
it  go,  for  I  cannot  find  the  sandstone.  I  guess  Ma  has  taken  it  down¬ 
stairs  again  to  scrub  the  front  door-steps.  Well,  I’m  all  set  except 
my  collar,  and  I’ll  have  to  wash  that  a  bit.  Now,  let’s  see — I  have  to 
be  careful  to  keep  that  away  from  the  lamp — Sam  Smith  burned  to 
death  the  other  day  when  he  lit  a  match  on  his  celluloid  shirt  front. 

“Now  for  breakfast.  Oatmeal  and  cream — the  oatmeal  tastes 
wormy,  it  probably  is,  and  the  cream  is  full  of  starch  and  fuller's 
earth.  Still  I  eat,  for  I  know  of  no  law  to  stop  these  things.  On 
comes  the  bacon  and  eggs — the  bacon  is  all  right,  providing  it  sur¬ 
vives  the  frying  pan,  because  it  has  so  much  saltpeter  in  it,  once  a 
spark  gets  on  it  will  burn  to  the  bitter  end — and  there’s  no  law  to 
stop  it.  If  the  eggs  were  wine  they’d  be  mellow  and  fit  for  a  king — 
but  eggs,  unlike  wine,  do  not  improve  with  age.  Anyway,  Ma  said 
the  third  one  she  opened  was  tolerably  odorless.  With  breakfast 
there  is  at  least  one  consolation,  and  that  is,  you  cannot  tell  alum  in 
toast  bread.  Ordinarily  our  bread  tastes  like  a  styptic  pencil,  but 
when  toasted  it  is  every  bit  as  fine  as  motzas.  Only  the  butter  tastes 
queerly — some  people  call  it  pig  butter,  it  has  so  much  lard  in  it. 
Even  the  sea  salt  has  sand  in  it — and  there’s  no  law  to  stop  it. 

“Well,  this  cold  weather,  I  always  take  my  tonic  after  breakast — 
essence  of  cod  liver  oil.  They  do  say  this  cod  liver  oil  is  fine,  and 
believe  me,  when  I  take  a  wineglass  after  breakfast  I’m  a  new  man. 
I  feel  tip-top,  or  shall  I  say  tipsy-topsy.  I  never  knew  cod  liver  oil 
to  be  so  tasty  and  to  have  so  much  authority.  Pa  says  it  has  alcohol 
in  it — I  don’t  believe  it — it  doesn’t  say  so  on  the  label.  If  it  did,  I’d 
have  to  quit  using  it,  because  I’m  the  cheer-leader  in  the  Ep worth 
League.  Besides  our  minister  takes  Peruna — and  there  is  no  lazv  to 
stop  it. 

“Now  it’s  lunchtime — sausage  and  hot  cakes.  Fine!  only  there 
is  no  assurance  that  the  meat  is  what  it  should  be — a  pig  in  a  poke — 
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anyway  when  fried  it  is  rather  hard  to  tell  between  pulverized  pig 
and  granulated  goat.  But  so  many  people  have  died  of  poisoning 
through  eating  bad  sausage  recently,  that  one  must  be  very  particu¬ 
lar  about  the  last  syllable  in  the  word.  Still,  there  is  an  advantage  in 
dying  from  poison  in  sausage.  Doctors  say  the  body  takes  much 
longer  to  decompose. 

“Doctors  call  such  poisons  ptomaines,  and  if  I  remember  my 
Greek  properly,  the  word  very  appropriately  came  from  Ptoma, 
meaning  a  corpse.  Lunchtime  I  usually  drink  plenty  of  water — today 
I  had  no  need  to.  The  milk  and  the  maple  syrup  were  watered 
enough.  And  there  is  no  law  to  stop  it. 

“So  to  supper  at  six.  Meantime  I  ate  some  candy,  licorice  loz¬ 
enges,  finished  in  two-tone  lacquer.  At  least  that  is  what  a  chemist 
told  me  about  them.  He  said  they  were  really  poisonous — and  that 
they  were  made  of  lampblack  and  glue  with  some  sugar  all  melted  to¬ 
gether,  molded  into  queer  shapes  and  dipped  in  anise-flavored  shellac 
varnish  to  make  them  keep.  Well,  I'm  still  alive — although  some¬ 
thing  did  give  me  a  passing  indigestion ! 

“For  supper  we  have  a  regular  old-fashioned  Philadelphia  meal. 
Oysters  to  start — worried  a  little  over  that — for  someone  said  typhoid 
comes  from  oysters  brought  up  in  beds  that  are  not  well  aired.  Then 
we  had  city-dressed  beef  (any  city  will  do)  and  cabbage,  potatoes, 
and  green  peas.  Of  course,  one  runs  a  risk  these  days  with  pota¬ 
toes  boiled  in  the  jacket,  there  may  be  arsenic  or  paris  green  on  them 
— and  slug-shot  in  the  cabbage.  But  the  peas — Ireland  was  never  so 
verdant!  Every  pea  that  rolled  off  Papa’s  steel  knife  left  a  trail  of 
copper  in  its  wake.  Some  things  turn  green  with  envy,  peas  turn 
green  with  copper  sulphate.  Well,  there’s  no  law  to  stop  it. 

“Then,  lastly,  comes  tea  and  baker’s  cake.  The  tea  is  fine,  one 
needs  to  be  very  analytical  to  tell  tea  from  dishwater,  but  the  cake  has 
yellow  jaundice.  Papa  told  the  cook  never  to  buy  any  more  cake 
from  that  baker,  because  he  buys  his  eggs  from  a  drug  store.  Nev¬ 
ertheless,  I  eat  a  lot  of  it,  and  thought  it  was  fine,  but  how  sick  I  got 
the  next  day, 

“First  thing  the  doctor  asked  me  was  how  long  I  had  been  a 
painter — and  he  wanted  to  diagnose  my  condition  as  painter’s  colic ! 

“No  wonder — I  learned  afterward  that  the  bakers  use  chrome 
yellow  (lead  chromate)  to  color  their  angel  cakes.  It  is  much  cheaper 
than  eggs  and  much  more  colorful.  Besides,  it  is  a  poison  so  appro¬ 
priately  used  in  angel  cake — so  mathematically  correct — one  cake 
equals  one  angel,  etc.  And  there’s  no  law  to  stop  it.” 
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So  we  come  to  the  end  of  a  more  or  less  perfect  day  in  the  dietary 
of  an  old  Philadelphian,  and  that  our  hero  survived  is  only  testimony 
to  his  Quaker  sturdiness. 

Still,  I  remind  you,  that  even  though  the  law  protects  our  foods 
and  medicines  today,  we  exist  yet  in  a  world  of  hazards.  The  skull 
and  cross-bones  only  takes  another  form.  Today  the  wizard  of  death 
runs  on  four  wheels  or  flies  in  the  air  astride  a  bullet. 

Yet  in  many  ways  the  world  is  getting  better,  and  such  condi¬ 
tions  as  described  above  are  no  longer  incidents,  they  are  accidents, 
Occasionally,  of  course,  poison  comes  to  the  table,  but  the  chemists, 
and  others  enforcing  the  Pure  Food  and  Drugs  Act,  are  very  alive  to 
the  situation.  Today,  his  majesty,  the  xAmerican  citizen,  proudly 
dominates  the  dining-table  and  somewhere  in  the  background,  like 
the  slave  food  tasters  of  old,  are  these  watchers  of  the  laws  making 
food  safe  for  democracy. 

And  his  medicines,  too.  Time  was  when  sooth¬ 
ing  syrup,  and  cough  “cure”  contained  enough  mor¬ 
phine  and  cocaine  to  start  out  any  number  of  addicts 
to  their  fatuous,  useless  ends.  Babies  were  swindled  to  sleep  with 
morphine  lullabies.  Tonics  were  prepared  with  wood  alcohol  where¬ 
upon  people  went  blind,  and  doctors  thought  a  new  eye  disease  had 
come.  Then,  anyone  could  buy  laudanum,  like  treacle,  by  the  quart, 
and  opium  by  the  pound,  like  Cheshire  cheese. 

Today,  happily,  the  indiscriminate  sale  of  such  poisons  as  cocaine 
and  morphine,  etc.,  is  almost  totally  stopped.  Yet,  though  their  legal 
use  is  limited  to  the  doctor's  prescription,  curiously  enough  faddists 
tell  us  that  such  addiction  is  on  the  increase. 

I  would  not  consider  this  lecture  complete  did  I  not  say  some¬ 
thing  additional  about  the  Poison  Rum  problem.  Yet,  it  is  difficult 
to  do  aught  but  express  an  opinion.  Chemists,  toxicologists, 
physiologists,  physicians  and  biologists  all  offer  conflicting  opinions 
upon  this  peculiar  problem,  and  often  there  is  no  worth  to 
their  judgment.  Some  state  that  the  only  poison  in  our  alley  liquors 
is  in  their  alcoholic  content.  Others  refer  to  the  denaturants,  wood 
alcohol,  diethylphthalate,  mercuric  salts,  alkaloids  and  similar  com¬ 
pounds  which  find  their  illegal  way  into  bootleg  liquors.  Another 
group  blames  the  toxicity  of  these  illicit  spirits  upon  the  unblended 
esters  and  aldehydes  so  abundant  in  the  freshly-distilled  liquor. 
Others,  again,  claim  that  copper  is  the  toxic  culprit;  think  of  it, 
liquor  potent  enough  to  dissolve  a  copper  still,  yet  stomachs  of  flimsy 
flesh  are  asked  to  put  it  in  storage. 
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Two  government  chemists  recently  went  on  record  as  incrimi¬ 
nating  acetaldehyde,  frequently  found  in  distilled  liquors,  as  respon¬ 
sible  for  all  of  the  sins  of  hooch.  Later  a  Western  pharmacologist 
showed  the  apparent  harmlessness  of  that  compound  when  given  in 
reasonable  doses. 

The  truth  of  the  matter  probably  is  that  all  of  these  factors  con¬ 
tribute  to  the  killing  qualities  of  the  factitious  liquors  of  this  Pro¬ 
hibition  day.  Yet,  the  most  toxic  impurity  in  distilled  liquors,  always 
has  been  and  ever  will  be — its  content  of  alcohol. 

The  bootlegger  of  America  is  pictured  as  a  composite  reincarna¬ 
tion  of  Locusta — the  killer  of  emperors — of  Toffana,  the  death  bane 
of  husbands,  and  Cesare  Borgia — destroyer  of  his  countrymen. 

He  may  be  all  of  that — yet  he  is  no  more  so  than  the  liquor  com¬ 
pounders  of  every  day  and  generation — for  ever  since  No-ah  said 
“Yes-ah”  to  the  first  bootlegger,  alcohol  has  always  been  itself  a 
poison,  and  poison  it  will  ever  be. 

Nor  is  this  creature  called  the  bootlegger  indigenous  only  to 
America,  for  I  find  in  the  Toiler ,  Vol.  VIII,  page  no,  edition  of 
1797,  the  following  paragraph: 

“There  is,  in  this  City,  a  certain  fraternity  of  chemical  op¬ 
erators,  who  work  underground,  in  holes,  caverns  and  dark  re¬ 
tirements,  to  conceal  their  mysteries  from  the  eyes  and  observa¬ 
tions  of  mankind.  These  subterranean  philosophers  are  daily 
employed  in  the  transmutation  of  liquors  and  of  the  power  of 
magical  drugs  and  incantations,  are  raising  under  the  streets  of 
London  the  choicest  products  of  the  hills  and  vales  of  France. 

“They  can  squeeze  Bordeaux  out  of  a  sloe  and  can  draw 
Champagne  from  an  apple.  Virgil,  in  that  remarkable  proph¬ 
ecy, — 

“  Tncultisque  ruhens  pendebit  sentibus  uva./ 

“  ‘The  ripening  grape  shall  hang  on  every  thorn’  .  .  .  seems 
to  have  hinted  at  this  art,  which  can  turn  a  plantation  of  northern 
thorn  hedges  into  a  vineyard.  These  adepts  are  known  among 
one  another  by  the  name  of  N ear-brewers ,  and  I  am  afraid,  do 
great  injury,  not  only  to  their  Majesty’s  customs,  but  to  the 
bodies  of  many  of  her  good  subjects.” 

And  so  I  bring  this  lecture  to  a  close.  There  is  much  concern¬ 
ing  poisons  absent  from  our  discussion.  Yet  I  hope  you  may  have 
sensed  the  romance  weaving  through  the  story  and  that  you  may  have 
appreciated  the  important  part  which  poisons  have  played  in  making 
the  world,  man’s  inheritance.  I  hope  you  are  satisfied  that  the  world 
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is  a  much  safer,  pleasanter  place  in  which  to  live,  than  ever  it  was 
before. 

But,  in  conclusion,  I  must  again  submit  my  apology  for  the 
lack  of  specificity — and  the  general  indirectness  and  vagueness  of 
the  lecture.  And  I  know  of  no  better  way  to  formulate  my  apology 
than  by  this  quotation  from  the  court  records  of  Liverpool,  in  Eng¬ 
land  : 

Dr.  Christison,  eminent  toxicologist  and  professor  of  medical 
jurisprudence  at  the  University  of  Edinburgh,  was  giving  his  expert 
evidence  as  to  the  recognition  of  a  certain  poison  sought  for  after 
death,  in  a  criminal  case  said  to  the  Judge:  “Your  Honor,  there  is 
but  one  deadly  agent  of  this  kind  which  no  chemist  can  ever  detect  in 
the  human  body  after  death,  and  the  name  of  that  poison  is”  .  .  . 

when  he  was  sharply  interrupted  by  the  Judge.  “Stop,  stop,  Dr. 
Christison.  It  is  much  better  the  public  should  never  know  it.” 


DELECTABLE  CONFECTIONS 
By  E.  Fullerton  Cook,  Ph.  M. 

Ilf  T ERE’S  a  gift  for  you,  dear!”  “Oh,  daddy!  What  is  it?”  “I 
*  know — a  box  of  candy !”  “My,  but  you’re  good — you  know  I 

love  them!”  “What  kind  are  they?”  “Oh!  One  of  those  ‘mixied’ 

kinds,  every  good  thing  there  is,  in  one 
wonderful  box!”  “Thanks,  lots!” 

“Yes,  indeed,  my  dear,  in  that  box  is 
more  than  candy,  more  than  sweetness  and 
beauty!”  “I  found,  as  I  came  along,  and 
allowed  my  imagination  to  run,  that  it  was 
a  veritable  box  of  mystery;  it  carries  travel, 
romance,  history,  brave  adventure,  empire 
building,  the  foundation  of  great  fortunes, 
and  a  library  of  stories  all  within  itself.” 

“Sit  here  in  front  of  the  fire,  daddy, 
and  let’s  make  it  our  magic  wand  to  reveal 
all  its  secrets.” 

“Have  you  ever  seen  these  new  cover¬ 
ings f  They  are  as  clear  as  crystal  and  are 
dust  and  water-proof.  Did  you  know  that  some  clever  chemist  dis¬ 
covered  how  to  make  silk,  starting  with  nothing  more  valuable  than 
cotton  or  even  wood-pulp  ?  He  passed  it  through  a  mysterious  proc- 
cess  and  turned  out  a  product  which  rivalled  the  natural  silk,  known 
through  the  centuries.  This  covering  is  only  another  form  of  artificial 
silk  and  it  helps  to  keep  these  good  things  clean,  sweet  and  fresh. 

“I  am  sure,  too,  that  this  beautiful  box  represents  the  tangible 
dream  of  some  real  artist  and  would  lack  much  of  its  beauty  if  it  had 
not  been  protected  as  it  passed  through  many  hands  this  Christmas 
time. 

“But  what  is  inside?  It  is  about  time  to  wave  that  magic  wand 
again  and  find  ourselves  borne  to  some  place  in  the  mystical  tropics, 
where  sweets  seem  to  fairly  ooze  from  the  rich,  fragrant  earth.  It’s 
a  bon-bon ,  but  that  only  means  a  delicious  bit  of  confection,  literally, 
‘good  good,’  or  ‘very  good.’  Ninety  per  cent,  or  more  of  it  is  sugar, 
which  was  first  spoken  of  by  classical  writers  as  ‘India’s  honey-bear¬ 
ing  reed.’  In  the  first  century  this  sweet-grass  was  recognized  as  a 
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delicacy  but  after  that  for  almost  a  thousand  years  no  one  separated 
the  essence  of  sweetness  into  the  form  now  known  as  sugar.  Great 
trade  caravans  passing  through  the  Mediterranean  ports  and  across 
the  mountains  and  deserts  to  the  far  East,  carried  with  the  spices  and 
other  riches  of  the  tropics  this  famed  capsule  of  sweetness.  China 
learned  to  crystallize  the  sugar  juice  and  the  Arabians  also  developed 
the  process.  It  is  supposed  to  have  been  the  famed  Arabian  physi¬ 
cian-chemists  of  the  seventh  century  who  first  separated  it  in  the 
purest  form  and  they  included  it  in  many  of  their  medicines. 

“It  is  said  that  Columbus  on  his  second  voyage  across  the  At¬ 
lantic  carried  sugar  plants  to  San  Domingo  and  it  was  Peter,  the 
Hermit,  who  inspired  the  Crusades  of  the  Middle  Ages,  and  who 
was  thus  indirectly  responsible  for  the  introduction  of  sugar  into 
England  when  the  Knights  returned  with  the  treasures  found  in  the 
southland. 

“The  origin  of  the  word  sugar  is  believed  to  be  a  Sanskrit  word 
Sarkara,  corrupted  by  the  Persians  to  the  word  shukar.  It  is  also 
to  the  Persians  to  whom  the  word  kand  is  credited,  meaning  with 
them  a  hard  refined  sugar,  and  this  is  doubtless  the  origin  of  the 
word  ‘candy.’ 

“Today  sugar  comes  from  other  sources  than  the  sugar  cane, 
one  being  the  sugar  beet,  which  can  be  grown  in  temperate  cli¬ 
mates,  but  the  largest  quantities  still  come  from  the  sugar  cane, 
grown  in  tropical  or  semi-tropical  lands,  where  it  is  extensively  cul¬ 
tivated. 

“If  it  were  not  for  this  basic  sweetness  a  bon-bon  could  not  be 
made  but  there  is  much  more  here  than  sugar.  Its  soft  and  creamy 
consistence  has  resulted  from  an  ingenious  process  devised  by  the 
candymaker.  He  makes  a  thick  syrup  of  the  sugar  by  adding  pure 
water,  a  little  cream  of  tartar,  and  perhaps  some  corn  syrup,  which 
is  a  kind  of  sugar  made  from  starch,  and  then  he  cooks  the  mixture 
until  it  is  very  hot,  much  hotter  than  boiling  water,  and  has  thick¬ 
ened  to  a  degree  which  many  trials  has  shown  to  be  just  right.  Corn 
syrup  and  cream  of  tartar  keep  this  mixture  from  crystallizing,  for 
that  is  one  of  the  characteristics  of  sugar.  Through  some  mysterious 
law  a  thick  sugar  syrup  tends  to  separate  in  beautiful  geometric 
forms  commonly  called  rock-candy ,  or,  in  smaller  crystalline  form, 
the  well-known  ‘granulated  sugar.’  These  additions,  however,  have 
changed  the  character  of  the  sugar  and  are  said  to  ‘invert  it,’  pro¬ 
ducing  a  mass  which  does  not  crystallize.  Now,  it  must  be  beaten 
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and  worked,  and  kneaded  until  it  becomes  a  thick  rich  cream,  known 
as  a  fondant.  From  this  mixture  the  bulk  of  the  bon-bon  is  moulded, 
but  it  would  not  be  fully  acceptable  if  there  was  not  an  added  flavor. 
Perhaps  another  voyage  is  needed  and  we  must  go  to  tropical  Mex¬ 
ico,  or  to  one  of  the  islands  of  the  South  Seas,  such  as  Tahiti,  or  to 
the  Bourbon  Islands,  where  beautiful  orchids  bloom,  and  later  de¬ 
veloped  into  fruits  from  eight  to  twelve  inches  in  length,  and  some¬ 
what  resembling  a  banana  but  which,  when  dried  and  seasoned  con¬ 
stitute  vanilla  beans.  No  more  popular  flavor  is  used  than  vanilla, 
the  odor  and  flavor  please  children  and  grown-ups  alike. 

“You  will  notice  that  there  are  not  many  of  these  bon-bons  in  a 
box  for  most  people  prefer  ‘chocolates.’  They  add  color,  and  flavor, 
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and  the  variety  which  helps  to  make  this  package  the  gem  it  is.  This 
happens  to  be  a  vanilla  bon-bon  and  as  I  break  it  open  some  one 
has  buried  within  a  delicious  walnut  goodie. 

“To  make  these  bon-bons  varied,  good  things  from  many  other 
parts  of  the  world  are  gathered.  Here  is  one  with  maple  flavor.  How 
it  carries  us  back  to  a  crisp,  winter  morning  in  New  England ;  a 
tramp  through  the  snow  brings  us  to  the  maple  grove  where  the  thin, 
trickling  sap  has  been  running  from  a  hundred  trees.  There  are 
delicious  odors,  especially  when  it  is  carried  back  to  the  camp  and 
we  boil  it  down  in  huge  kettles  until  it  crystallizes  into  maple  sugar. 
Here  it  lends  its  delightful  and  delicate  flavor  to  this  bit  of  candy. 

“This  white  one  suggests  only  a  lump  of  sugar,  but  I  find  it  soft 
enough  to  break.  White,  curling  shreds  fill  the  center,  making  a 
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white  cocoanut  bon-bon.  Cocoanut  is  one  of  the  choicest  gifts  of 
nature. 

“We  now  go  far  from  New  England’s  forests.  It  is  the  coast 
of  Africa,  fanned  by  the  warm  breezes  of  the  Pacific.  The  tall, 
slender  trees  with  graceful  branches  at  the  top  constitute  a  cocoanut 
grove.  The  huge  nuts  in  their  mass  of  foliage  are  hard  to  reach 
but  the  nimble  natives  or  perhaps  some  taunted  monkeys  throw  them 
to  the  ground.  I  suppose  you  have  seen  the  commercial  cocoanut — 
the  brown,  oval  nut  which  is  so  plentiful  today  in  the  fruit  market. 
This  well-known  form  is  not  the  nut  as  it  grows  upon  the  tree.  It 
is  only  the  kernel,  for  the  natural  fruit  is  covered  by  a  hard,  water¬ 
proof  shell  which  often  floats  upon  the  sea  for  hundreds  of  miles 
and  is  therefore  distributed  over  the  tropical  islands  throughout  the 
world.  Beneath  this  hard  shell  is  a  brown,  fibrous  mass  which  finds 
a  use  in  door-mats  and  brushes.  The  inside  of  this  shelled  cocoa- 
nut  furnishes  a  delicious,  meaty  food,  much  prized  by  the  native 
and  enjoyed  in  all  civilized  lands.  When  it  is  freshly  opened,  and 
grated,  and  immediately  made  a  part  of  this  bon-bon  it  is  particularly 
gratifying  and  those  who  know  the  difference  always  insist  upon 
using  the  freshly  opened  cocoanut  meat. 

“For  variety,  the  bon-bon  also  has  many  other  choice  flavors. 
In  the  centers  may  be  found  a  pecan  or  an  almond.  Perhaps  the 
flavor  of  the  orange ,  or  lemon,  or  even  such  fruit  as  the  plum  or 
apricot  may  be  hidden  there. 

“The  soft  center  of  the  bon-bon  needs  some  protection  or  it 
will  soon  become  hard  and  unedible.  Most  bon-bons  are  seen  to 
have  a  coat  of  snowy,  sparkling  whiteness.  When  these  good  things 
in  the  center  have  all  been  blended,  the  sphere  of  sweetness  is  placed 
in  crystallizing  syrup  and  left  there  long  enough  for  a  coat  of  crys¬ 
tallized  sugar  to  serve  as  a  mantle  and  protection. 

“Here  is  a  bon-bon  which  has  been  further  decorated  with  a 
choice  pecan  goodie.  Sometimes  a  candied  violet  or  a  bit  of  color 
may  be  used.  Variety  in  decoration  is  unlimited. 

“These  candies  remind  me  of  another  variety  which  every  one 
likes.  I  see  no  samples  in  this  box  but  the  so-called  r chocolate 
straws /  when  crisp  and  fresh,  are  a  most  acceptable  form  of  sweet. 
These  are  not  made  like  the  candies  so  far  described  but  call  for  as 
much  skill  by  the  candymaker.  A  mixture  of  sugar  with  a  little 
cream  of  tartar  and  water,  is  cooked  until  it  forms  a  soft,  creamy 
mass.  This  may  be  flavored  with  chocolate,  or  vanilla,  or  with  other 
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flavors.  A  coating  is  now  made  by  cooking  a  sugar  mixture  until 
it  becomes  brittle  on  cooling.  This  coating  material  is  now  poured 
out  on  a  marble  slab,  the  soft  mass  placed  in  the  center,  and  the 
cooled,  harder  coating  pulled  over  the  soft  center.  This  is  now  rolled 
into  cylinders  and  the  end  pulled  and  spun  into  a  long  continuous 
straw  which  carries  in  the  center  the  soft  chocolate  cream.  When 
cut  into  suitable  lengths  it  forms  the  chocolate  straws. 

“This  small  part  of  this  wonderful  box  has  already  carried  us 
into  many  mysterious  places ;  already  the  possibilities  from  so  varied 
a  package  are  being  realized. 

“But  is  there  time  for  another  trip  and  a  longer  trip?  Probably 
the  choicest  pieces  here  are  these  rich,  brown,  masses  of  delectable 
goodness,  their  odor  alone  is  alluring — who  does  not  love  chocolate? 
Tradition  credits  chocolate  with  being  a  special  gift  of  the  gods.  It 
not  only  has  a  delicious  flavor  when  properly  treated,  but  it  is  a  most 
nutritious  food.  To  go  with  chocolate  back  through  its  travels,  is 
fascinating  and  interesting. 

“This  finished  box  of  confections  little  resembles  the  beans  taken 
from  the  cucumber-like  chocolate  or  cacao  pod,  which  is  filled  with  a 
pulp,  carrying  a  half  hundred  seeds.  These  pods  grow  in  a  most 
remarkable  manner  from  a  small  tree.  They  sometimes  spring  from 
the  trunk  or  again  from  a  branch,  apparently  without  any  system  or 
order.  The  tree  being  tropical  and  coming  from  Central  America 
or  the  islands  of  the  tropics,  where  it  is  carefully  cultivated,  is  found 
to  have  the  full-grown  fruit,  the  pod  in  all  its  stages  of  development, 
and  even  the  gorgeous  flowers  on  the  tree  at  the  same  time.  The 
pods  must  be  cut  from  the  tree,  broken  open,  and  the  beans  separated 
from  the  pulp  and  placed  in  warm,  sheltered  sheds  to  ferment.  When 
the  process  has  reached  the  exact  point,  recognized  only  by  the  ex¬ 
pert,  they  must  be  quickly  dried.  But  these  beans  are  not  yet  ready 
to  furnish  our  delicious  chocolates.  They  must  yet  pass  through  an 
elaborate  treatment  in  well-equipped  manufacturing  plants,  where 
the  greatest  care  and  skill  is  needed  to  produce  the  chocolate  as  we 
know  it. 

“The  chocolate  beans,  coming  from  many  parts  of  the  world, 
have  each  a  distinctive  flavor.  Skill  in  planting  and  curing  gives 
variety  and  distinction  to  the  commercial  chocolates  and  the  roasting, 
as  in  coffee,  is  an  essential  process  for  the  development  of  the  aroma 
and  flavor.  One  who  is  experienced  must  conduct  the  roasting,  using 
an  exact  amount  of  heat,  or  the  beans  are  spoiled.  How  do  you 
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suppose  he  knows  when  to  take  them  from  the  oven ;  by  the  odor, 
of  course. 

“An  ingenious  machine  now  separates  the  thin  shell  and  then 
the  center  is  ground  between  huge  stones,  over  and  over  again,  until 
every  particle  of  grit  is  removed.  Here  a  very  remarkable  change 
occurs.  The  hard,  brown  bean  enters  the  milk  but  from  it  trickles 
a  stream  of  thick  chocolate  liquor.  In  this  bean  is  about  fifty  per 
cent,  of  fat,  commonly  known  as  cocoa  butter  and  this  is  liquefied  by 
the  heat  of  the  friction  in  the  mill.  If  this  chocolate  liquor  is  to  be 
used  for  sweet  chocolates,  sugar  must  be  added,  also  vanilla,  and  to 
incorporate  these,  another  machine  rubs  and  rubs,  back  and  forth 
for  hours,  until  the  product  is  so  smooth  that  it  feels  like  velvet  to 
the  tongue. 

“To  develop  the  finest  flavor,  the  chocolate  liquor  must  stand 
in  a  warm  room  for  a  number  of  hours,  and  then,  while  still  warm, 
it  is  poured  into  moulds  and  cooled,  forming  the  delicious  sweet 
chocolate  sold  in  a  thousand  forms  and  frequently  mixed  with  al¬ 
monds  or  other  nuts. 

“But  this  other  piece  is  not  all  chocolate.  As  I  break  it  open 
I  find  that  the  chocolate  forms  but  a  shell  around  a  creamy  center . 
This  chocolate  coating  is  also  unusually  rich.  The  ordinary  sweet 
chocolate  wrould  not  satisfactorily  form  a  coating.  It  becomes  neces¬ 
sary  to  place  some  of  the  ground  chocolate  beans  in  a  huge  machine 
where  many  tons  of  pressure  is  applied  and  then  the  cocoa  butter 
separates  from  the  more  solid  constituents.  This  cocoa  butter,  which 
is  of  a  rich  yellow  color  and  has  the  delicious  odor  of  chocolate,  must 
be  added  in  quite  large  proportions  to  the  natural  chocolate  liquor 
to  make  a  coated  chocolate.  The  residue  which  remains  in  the  press, 
when  ground  and  powdered,  forms  a  commercial  powdered  cocoa 
from  which  most  of  the  ‘hot  chocolate’  beverages  are  made. 

“The  center  of  this  chocolate  cream  is  not  unlike  the  bon-bons 
already  described,  although  the  centers  to  a  chocolate-covered  con¬ 
fection  may  be  of  many  other  varieties.  The  mixture  of  sugar,  cream 
of  tartar,  and  corn  syrup,  with  the  added  flavors,  are  first  thoroughly 
cooked,  then  cooled  on  a  marble  slab  and  kneaded  until  creamy,  and 
are  then  moulded  in  depressions  made  in  starch.  When  these  are 
cooled  and  firm,  they  are  ready  for  coating.  In  the  larger  factories, 
moulding  of  centers  for  chocolate  creams  is  done  by  a  machine 
called  a  ‘mogul,’  which  exactly  simulates  the  work  done  on  a  smaller 
scale  by  hand. 
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“A  shallow  wooden  tray  is  filled  with  clean,  fine  starch,  and 
smoothed  off  on  the  surface.  Into  it  is  then  pressed  a  series  of 
moulds  made  from  plaster  of  Paris,  these  having  the  shape  and  size 
desired  for  the  centers.  The  moulds  fastened  to  a  board  are  pressed 
into  the  starch  and  leave  corresponding  depressions,  into  which  the 
cream  of  ‘fondant’  is  run.  In  the  mogul  all  of  this  is  done  automati¬ 
cally  and  with  great  speed  and  accuracy.  When  the  centers  have 
hardened  the  starch  is  removed  by  the  use  of  a  sieve  and  may  again 
be  used,  while  the  centers  are  sifted  and  brushed  and  are  then  ready 
for  coating. 

“The  coating  with  chocolate  was  originally  done  entirely  by  hand 
and  the  finest  chocolates  are  still  made  in  this  way.  Usually  four 
operators  sit  at  a  table,  about  a  kettle  of  coating  chocolate,  Kept  warm 
in  a  water  bath.  Each  operator  works  on  a  slab  of  marble  upon  which 
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the  hot  chocolate  is  spread  and  worked  with  the  hand  until  of  a 
proper  consistence.  Experience  alone  guides  the  operator  in  deter¬ 
mining  the  proper  conditions  for  coating.  The  chocolate  is  just  right 
when  it  will  not  form  too  thin  a  coating  or  one  which  is  too  heavy. 
The  center  is  rolled  in  it  and  deftly  placed  on  a  waxed  paper  on  a 
tray.  A  skilled  coater  learns  to  ‘pull’  a  string  of  chocolate  over 
the  top,  giving  it  a  characteristic  curl  which  is  considered  an  evidence 
of  hand  coating.  No  two  pieces  are  exactly  alike.  To  retain  this 
effect  the  coating  chocolate  must  be  of  the  right  consistence.  Choco¬ 
late  creams  so  coated  must  be  kept  for  several  days  to  allow  the  center 
to  soften,  or  ‘season’  before  they  are  at  their  best,  but  they  should 
be  stored  at  a  low  temperature,  preferably  in  an  ice-box,  as  heat  will 
quickly  injure  their  flavor.  The  cheaper  chocolate  creams  are  dipped 
by  machines  but  in  even  these  an  operator  usually  adds  a  string  of 
chocolate,  by  hand,  as  they  come  from  the  machine. 
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“The  center  may  carry  any  of  the  flavors,  even  mint,  or  the 
fruits  or  nuts  already  described,  under  bon-bons  and  it  is  quite  cus¬ 
tomary  to  coat  fruits  themselves,  in  the  same  manner,  especially 
Tokay  grapes  and  sweet  cherries.  You  may  wonder  how  the  liquid 
is  gotten  inside  of  candies  called  cordials  when  made  with  cherries 
or  other  fruits.  This  is  explained  by  the  fact  that  the  fruit  juices, 
after  standing,  dissolve  the  sugar  and  form  a  syrup  which  consti¬ 
tutes  the  cordial. 

“A  special  center  is  called  a  ‘ nougat !  This  is  a  sugar  center  into 
which  honey,  eggs  and  chopped  almonds  have  been  incorporated.  The 
mixture  is  cooked  and  kneaded  to  form  a  cream.  Sometimes  cocoa- 
nut  is  added  to  the  center  or  perhaps  some  butter  and  cream.  The 
latter  forms  the  special  centers  known  as  ‘butter  creams’  or  Chan¬ 
tilly  or  Neapolitan  creams. 

“But  here  is  a  different  chocolate-covered  confection.  Notice 
the  little  metal  cup  so  ingeniously  constructed.  For  many  years  these 
metal  cups  were  made  from  pure  tin  and  were  often  enamelled  in 
various  shades,  as  green,  violet,  wine-color,  etc.,  but  now  they  are 
practically  all  made  of  aluminum.  Sweetened  chocolate  is  placed  into 
these  until  about  half  full  and  while  still  soft  a  jam,  made  from  the 
finest  fruit,  perhaps  strawberry  or  raspberry,  is  added  to  the  center. 
It  is  then  capped  with  sweet  chocolate  and  a  finish  given  from  a  spe¬ 
cial  ridged  spout  so  that  distinctive  designs  are  made  for  each  piece. 

“Among  the  oldest  candies  sold  are  those  known  as  ‘glace’  fruits. 
It  is  natural  that  an  attempt  would  be  made  to  conserve  many  fruits 
which  in  their  fresh  state  are  so  much  enjoyed.  Sugar  has  long 
been  known  to  be  a  preservative.  Fruits  which  would  quickly  spoil 
are  retained  indefinitely  when  encased  in  sugar,  which  accounts  for 
the  fact  that  these  have  long  been  in  the  list  of  confections.  Slices 
of  pineapple,  fresh  prunes,  apricot  fruit,  grapes,  cherries,  dates,  and 
figs  have  thus  been  offered. 

“In  this  marvelous  box  we  find  samples  of  the  highest  art  of 
the  confectioner  of  the  twentieth  century,  an  art  painstakingly  de¬ 
veloped  through  the  centuries  but  reaching  its  perfection  within  the 
last  twenty-five  years  when  luxury,  wealth,  travel  and  commerce  have 
stimulated  a  more  general  appreciation  of  the  more  aesthetic  and  de¬ 
lightful  sensations. 

“It  has  not  been  many  years  since  such  a  box  as  this  would  have 
been  out  of  reach  of  the  average  person  and  even  today  many  prefer 
some  of  the  older  and  time-honored  candies  which  are  more  simple 
in  their  origin  and  preparation. 
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“Who  has  not  enjoyed  a  taffy-pulling  party?  In  many  homes 
for  many  years,  home-made  taffy  was  the  most  common  confection 
and  it  still  finds  a  large  place  in  the  popular  sale  of  candies. 

“Instead  of  pulling  candy  by  hand  it  is  now,  on  the  larger  scale, 
at  least,  made  by  machines  which  most  ingeniously  pull  and  stretch 
the  mixture  of  sugar,  water  and  flavor.  When  this  has  been  prop¬ 
erly  pulled  it  becomes  white  indicating  the  presence  of  tiny  particles 
of  air.  It  is  often  given  some  special  name  such  as  ‘salt  water  taffy’ 
and  as  such  this  erstwhile  home  product  enjoys  an  enormous  sale. 

“A  sort  of  glorified  taffy  has  come  into  the  modern  market 
recently  under  the  name  of  pralines.  The  South,  especially  New  Or¬ 
leans,  is  given  the  credit  for  their  origin  and  they  consist  of  a  cake 
of  maple  flavored  sugar  to  which  has  been  added  a  large  number 
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of  most  delicious  nuts  mostly  pecans.  Plenty  of  butter  adds  to  their 
deliciousness. 

“When  the  best  kind  of  taffy  has  had  an  exceptional  large 
amount  of  butter  added,  it  forms  what  is  commonly  known  as  ‘ butter 
scotch ’  and  every  one  doubtless  knows  how  good  a  candy  it  makes. 

“When  peanuts  are  added  to  taffy,  the  product  is  known  as  ‘ pea¬ 
nut  brittle J  and  walnuts  make  the  commercial  ‘walnut  brittle 

“Among  the  candies  of  this  class  but  yet  quite  distinctive,  are 
the  well-known  caramels.  These  are  made  by  combining  eggs,  rich 
cream  and  butter  with  sugar  and  glucose,  and  cooking  to  a  stiff  paste. 
Then  flavor  is  added  including,  in  many  instances,  chopped  walnuts, 
maple  sugar  or  chocolate,  to  give  variety.  The  finished  mass  is  run 


DELECTABLE  CONFECTIONS 


131 

on  an  oiled  marble  slab  and  cut  into  cubes  and  usually  each  one  is 
wrapped  in  waxed  paper.  Caramels  should  remain  soft— soft  enough 
to  chew. 

“Here  is  a  marshmallow.  You  know  what  memories  they  bring 
and  how  good  they  taste  when  toasted.  Let's  try  this  one  and  see 
if  they  are  as  good  indoors  as  when  toasted  over  the  open  fire  of  the 
summer  camp. 

“The  marshmallow  is  one  of  the  older  forms  of  candy  and 
for  many  years  was  made  from  a  mixture  of  some  gummy  substances, 
originally  that  from  the  marshmallow  root — hence  the  name.  Later 
gum  arabic,  or  acacia,  was  used  mixed  with  sugar  and  the  white  of 
eggs,  and  the  mass  beaten  until  so  full  of  air  that  it  formed  a  soft 
spongy  mass.  This  is  poured  into  starch  moulds,  allowed  to  harden, 
freed  from  starch  and  finally  packed  in  sugar.  Modern  marshmal¬ 
lows  are  mostly  made  from  gelatin,  corn  syrup,  sugar  and  corn  starch, 
with  some  egg  albumen  to  give  them  lightness  and  to  hold  the  air. 

“Another  of  the  older  candies  is  known  as  ‘gum  drops /  These 
were  originally  flavored  mixtures  of  acacia,  sugar  and  water  moulded 
into  small  cones  but  in  the  modern  gum  drop  corn  syrup  and  starch 
largely  replace  the  acacia.  They  should  be  soft  enough  to  chew  and 
are  usually  covered  with  crystallized  sugar. 

“I  find  another  kind  of  candy.  It  is  hard,  and  oval,  and  pinkish. 
Wait  until  I  cut  it  open/  The  shell  is  brittle  candy  but  inside  is  a 
nut.  These  are  the  justly  famous  Jordan  almonds.  They  are  made 
in  a  very  remarkable  way.  When  the  almonds  are  selected,  and 
blanched  and  dried,  they  are  thrown  into  a  large  copper  kettle  which 
slowly  turns  round  and  round.  A  man  pours  in  small  quantities  of 
syrup  and  warm  air  is  blown  over  the  rolling  almonds  until  the  syrup 
dries  to  form  a  coating.  This  process  is  repeated  until  a  sugar  jacket 
of  the  desired  thickness  covers  every  nut,  and  the  last  one  carries 
the  desired  color,  pink,  yellow  or  green.  This  rubbing  together  and 
tumbling  about  makes  them  perfectly  smooth  and  polished.  By  many 
these  are  considered  to  be  the  most  delightful  of  confections.  Their 
name  is  a  corruption  of  a  French  word,  Jardin,  which  means,  "gar¬ 
den’  almonds,  distinguishing  them  from  the  wild,  bitter  almonds 
which  are  not  good  to  eat. 

“This  story  of  candy  would  not  be  complete  vrithout  remember¬ 
ing  that  wonder  candy  of  childhood,  the  peppermint  and  lemon 
sticks  which  bring  so  much  joy  to  childish  hearts.  These  belong  to 
the  candies  known  as  "hard  candies’  and  they  are  made  by  heating 
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the  syrup  mixture  to  a  very  high  temperature,  many  degrees  beyond 
that  of  boiling  water,  until  a  consistence  is  reached  which  forms  a 
clear,  hard  mass,  on  cooling. 

“If  this  hard  candy  is  to  be  made  into  ‘drops’  the  flavor  is  added, 
lime,  lemon,  or  orange  oil,  or  perhaps  horehound  extract,  the  mass 
is  then  poured  on  a  marble  slab  for  a  few  minutes,  and  afterward 
forced  through  brass  rollers,  having  depressions  which  make 
the  ‘drops’  These  are  carried  along  on  a  moving  belt  to  cool  and 
finally  sprinkled  with  sugar  to  keep  them  from  sticking. 

“If  the  mass  is  to  be  made  into  ‘stick’  candy ,  it  is  usually  pulled 
to  make  it  white,  especially  if  flavored  with  peppermint.  A  small 
portion  of  the  main  batch  is  taken  out  and  colored  red  if  they  are  to 
be  peppermint  sticks  and  this  red  portion  is  then  divided  into  sev- 
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eral  parts  and  pressed  into  the  mass  of  candy,  so  that  it  looks  like 
red  flannel  patches.  The  mass  is  now  rolled  on  a  special  table  to 
increase  its  length  and  to  form  a  gigantic  peppermint  stick.  The 
red  patches  have  thus  become  long  red  stripes  the  length  of  the  stick 
and  a  twist  gives  it  a  barber-pole  effect  so  characteristic  of  pepper¬ 
mint  candy.  This  is  now  pulled  or  spun  into  sticks  of  varying  thick¬ 
ness  and  cut  of  uniform  length.  If  the  end  is  turned  while  the  stick 
is  still  warm  behold  the  candy  cane  of  the  Christmas  tree. 

“If  it  is  a  lemon  stick  the  main  batch  is  not  pulled  but  left  to 
form  a  clear  candy.  Only  enough  is  pulled  to  make  white  patches 
and  subsequently  white  stripes,  which  are  characteristic  of  lemon 
candy.  Have  you  ever  cut  a  hole  in  the  end  of  a  lemon,  thrust  in  a 
stick  of  lemon  candy  and  drawn  the  juices  through  the  candy  like 
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a  straw.  If  not,  try  it;  it  was  the  supreme  childish  joy.  Those  pe¬ 
culiar  gustatory  glands  start  now  at  the  suggestion  of  that  sweet, 
sour,  lemony  flavor. 

“One  of  the  special  delights  of  childhood  so  often  found  on  the 
old-time  Christmas  tree  was  the  so-called  ' clear  toy.’  This  clear  batch 
of  cooked  syrup  sometimes  colored  red,  was  poured  into  tin  moulds 
to  make  horses  or  men,  ladders,  drums  or  some  other  of  the  great 
variety  of  toys.  These  are  still  popular.  Another  candy  of  this 
character,  heated  to  a  very  'high  temperature  and  made  into  drops 
or  sticks,  forming  clear  hard  candy,  is  sold  under  the  name  of  ‘barley 
sugar.’ 

“It  may  be  interesting  to  know  that  the  original  confectioner 
was  the  apothecary  and  that  practically  all  candies  of  the  Middle 
Ages  were  forms  of  medicine.  These  older  forms  are  still  found 
in  the  mint  and  wintergreen  lozenges  of  the  drug  store,  which  are 
even  now  made  by  the  old  process  in  which  a  dough  was  formed  from 
the  sugar  with  the  aid  of  acacia  or  tragacanth,  flavored  and  rolled 
into  sheets  and  then  cut  into  various  shapes  with  an  appropriate 
punch. 

“Another  of  the  drug  store  confections  which  has  not  lost  its 
popularity  is  the  stick  licorice  which  consists  of  an  extract  of  licorice 
root  usually  carrying  considerable  filler  to  give  it  hardness,  rolled 
into  cylinders  and  with  the  name  of  the  manufacturer  pressed  into 
one  end  flattening  it.  While  this  may  not  be  classed  as  a  confec¬ 
tion  in  the  truest  sense,  its  distinctive  and  pleasant  flavor  is  known 
to  practically  all  children.  The  imitations  made  from  gelatin,  lamp¬ 
black,  and  oil  of  anise  sometimes  found  in  cheap  candies,  poorly 
represent  a  true  licorice  flavor. 

“But  this  is  probably  enough  for  tonight  though  the  story  is 
not  half  told.  It  is  sufficient,  however,  to  bring  a  realization  of  how 
our  fortunate  age  is  drawing  upon  the  accumulated  wisdom  and  ex¬ 
perience  of  all  the  centuries. 

“Civilization  means  a  refinement  of  the  appreciations  and  a  de¬ 
mand  for  their  gratifications.  It  is  expressed  in  art  by  painting, 
sculpture  and  architecture,  in  music  by  magnificent  operas  and  sym¬ 
phonies,  in  literature  by  poems  and  essays,  and  for  the  gratification 
of  the  less  erudite  senses,  perfumes  and  confections  have  been  per¬ 
fected.” 


THE  FLIGHT  OF  A  BALL  THROUGH  THE  AIR 

By  George  Rosengarten,  Ph.  D. 

Assistant  Professor  of  Physics,  Philadelphia  College  of  Pharmacy 

and  Science, 

WE  ALL  ENJOY  a  good  game  of  ball.  Some  of  us  prefer  golf 
or  tennis.  What  is  more  pleasing  to  the  player  than  a  fine  drive 
on  the  links  or  a  perfect  hit  on  the  diamond?  The  Scientist,  however, 

is  concerned  with  the  physical  principles 
which  determine  the  motion  of  the  ball 
through  the  air.  In  order  that  the  sur¬ 
rounding  objects  shall  in  no  way  detract 
our  attention,  let  me  ask  that  you  step  into 
one  of  our  modern  airships  and  rise  with 
me  to  a  point  above  the  clouds,  where  we 
will  begin  our  scientific  investigation  of 
the  flight  of  a  ball  through  the  air.  We 
will  imagine  that  you  and  I  and  this  ball 
alone  exist  in  this  infinity  of  space.  If  I 
release  my  hold  upon  the  ball  it  immedi¬ 
ately  starts  out  into  space.  What  a  re¬ 
markable  phenomena!  We  distinguish  nothing  in  the  space  about  us 
except  the  clouds.  Why  should  this  ball  start  out  into  space  when  I 
release  it?  What  is  it  that  determines  its  direction?  These  are  the 
questions  that  science  endeavors  to  answer.  You  recall  that  when 
upon  earth  it  required  considerable  force  to  give  the  ball  a  start.  We 
cannot  conceive  of  a  body  at  rest  starting  to  move  off  in  any  direction 
without  the  action  of  a  force. 

The  clouds  pass  away  and  in  the  distance  we  observe  a  ball  of 
enormous  size,  no  doubt  the  earth  which  we  have  left  behind.  I  re¬ 
lease  another  ball  and  observe  that  it  moves  off  in  the  direction  of  this 
object.  I  at  once  conclude  that  a  force  of  attraction  exists  between 
this  distant  object  and  the  things  which  I  possess.  Why  should  this 
attraction  exist?  This  question  has  often  been  asked  but  as  yet  no 
one  has  been  able  to  supply  the  answer.  Let  us  continue  our  journey 
out  into  space.  Our  nearest  neighbor  is  the  moon.  As  we  approach 
this  satellite  of  ours  let  us  release  another  ball.  Off  it  moves  in  the 
direction  of  the  moon. 


George  Rosengarten,  Ph.  D. 
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You  have  just  observed  the  action  of  a  universal  force  that  acts 
between  every  body  of  matter  in  the  universe.  It  is  this  same  force 
that  causes  the  apple  to  fall,  that  determines  the  motion  of  the  earth 
about  the  sun  and  the  moon  about  the  earth.  It  was  Sir  Isaac  Newton 
who  expressed  this  phenomena  in  his  universal  law  of  gravitation. 
“Every  piece  of  matter  attracts  every  other  piece  of  matter  with  a 
force  which  varies  directly  as  the  product  of  the  masses  and  in¬ 
versely  as  the  square  of  the  distance  between  them.”  Newton  rec¬ 
ognized  the  attraction  between  any  two  objects  upon  the  table. 
We  have  been  able  to  measure  this  force  and  find  that  it  varies  in 
proportion  as  the  mass  of  the  bodies  concerned.  As  the  bodies  are 
moved  apart  the  attraction  between  them  decreases.  Doubling  the 
distance  between  them  reduces  the  attraction  to  one-fourth  of  the 
former  amount. 

Let  us  return  to  the  earth  where  we  can  continue  our  investiga¬ 
tion.  Suppose  I  drop  a  golf  ball  and  a  lead  ball  ten  times  as  heavy? 
This  phenomena  puzzled  the  minds  of  many  until  the  time  of  Galileo. 
It  was  determined  by  a  process  of  logical  reasoning  that  since  one  ball 
was  heavier  it  would  fall  very  much  faster.  Try  the  experiment  for 
yourself  and  observe  that  the  two  objects  fall  side  by  side.  It  will  all 
be  clear  if  you  stop  to  realize  that  the  lead  ball  requires  a  ten  times 
greater  force  to  move  it.  The  attraction  of  the  earth  is  ten  times 
greater  upon  the  lead  ball,  therefore  they  both  must  move  toward  the 
earth  in  the  same  manner.  In  a  vacuum  a  piece  of  paper  and  a  coin 
will  fall  in  the  same  time. 

Since  this  gravitational  attraction  of  the  earth  has  so  much  to  do 
with  all  that  follows  we  shall  examine  it  more  minutely.  The  scien¬ 
tific  investigator  asks  the  question :  How  does  this  ball  move  toward 
the  earth?  Every  object,  regardless  of  its  weight,  is  observed  to  fall 
toward  the  earth  with  a  velocity  which  increases  32  feet  per  second 
every  second.  Thus  a  body  falling  from  rest  will  have  a  velocity  of 
32,  64,  96  feet  per  second  after  1,  2,  3  seconds  of  fall.  Neglecting  air 
resistance  there  will  be  no  let  up  in  this  increase  in  velocity.  From 
the  table  (page  136)  we  observe  that  a  body  falling  for  10  seconds 
will  attain  the  enormous  speed  of  320  feet  per  second  or  about  ten 
times  the  average  speed  of  an  automobile. 

Table  showing  effect  of  gravitation: 
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Time 

Velocity 

Distance  of  fall 

0 

0 

0 

1  sec. 

32  ft./sec. 

16  feet 

2 

64 

64 

3 

96=  65miles/hr. 

144 

4 

128 

256 

5 

160 

400 

6 

192  =  1 31  miles/hr. 

576 

7 

224 

784 

8 

256 

1024 

9 

288 

1296 

10  sec. 

320  ft./sec. 

1600  feet 

The  distance  that  a  body  falls  can  easily  be  determined.  Start¬ 
ing  from  rest  and  increasing  to  32  feet  per  second  in  one  second  will 
give  an  average  velocity  of  16  feet  per  second  for  one  second,  causing 
the  body  to  fall  16  feet.  Likewise  in  4  seconds  the  velocity  increases 
from  o  to  128  feet  per  second,  the  average  velocity  being  64  feet  per 
second.  Falling  with  an  average  velocity  of  64  feet  per  second  for 
4  seconds,  the  distance  must  be  256  feet. 

How  High  Can  You  Throw  a  Baseball? 

This  will  depend  chiefly  upon  the  speed  with  which  you  can 
throw  the  ball.  The  best  pitchers  seldom  exceed  120  feet  per  second. 
Taking  the  average  throw  around  96  feet  per  second  and  realizing 
that  this  velocity  is  diminished  32  feet  per  second  every  second  be¬ 
cause  of  the  gravitational  attraction,  the  ball  will  come  to  rest  after 
rising  for  3  seconds.  From  the  table  we  observe  that  the  ball  must 
have  risen  to  a  height  of  144  feet.  We  have  all  heard  the  expression, 
“Whatever  goes  up  is  sure  to  come  down,"  and  the  baseball  is  no  ex¬ 
ception.  It  returns  to  the  ground  with  almost  the  same  velocity  with 
which  it  started. 

It  is  some  feat  to  catch  a  ball  dropped  from  a  height.  Several 
have  tried  to  catch  a  baseball  dropped  from  the  top  of  Washington 
monument,  a  height  of  555  feet.  A  glance  at  the  table  indicates  that 
it  requires  a  little  less  than  6  seconds  to  make  this  fall,  giving  to  the 
ball  a  velocity  of  188  feet  per  second.  The  standard  league  ball 
weighs  5  ounces,  but  when  moving  with  this  high  velocity  it  possesses 
a  momentum  equal  to  its  mass  multiplied  by  its  velocity. 
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5/16  lb.  x  188  ft./sec.  =  58.7  ft.  lbs. /sec.  (momentum). 

The  force  required  to  stop  this  ball  depends  upon  the  time  taken 
to  bring  it  to  a  stop.  The  shorter  the  time  the  greater  will  be  the 
force. 

Momentum  =  Force  x  Time. 

58.7  ft.  lbs. /sec.  Force  x  1/100  sec. 

Taking  the  time  as  1/100  second  we  can  calculate  the  force  to  be 
5870  poundals.  Since  the  poundal  is  the  equivalent  of  32  pounds 
weight,  the  force  required  to  stop  the  ball  falling  from  the  top1  of 
Washington  monument  in  1/100  second,  will  be  equal  to  183  pounds 
weight. 

Our  national  game  of  baseball  was  started  by  the  Knickerbocker 
Club  of  New  York  in  1845.  It  was  n°t  until  the  close  of  the  war  in 
1865  that  the  game  spread  throughout  the  Union.  At  first  nine  men 
played  on  a  side,  but  for  a  time  a  right  shortstop  was  added.  The  im¬ 
portance  of  the  size  of  the  ball  and  bat  was  early  realized.  The  ball 
must  weigh  not  less  than  5  ounces  and  not  more  than  5)4  ounces,  be 
not  less  than  9  inches  or  more  than  9)4  inches  in  circumference.  The 
bat  must  be  made  exclusively  of  wood  not  exceeding  2)4  inches  in 
diameter  and  42  inches  long. 

The  elasticity  of  the  ball  is  of  great  importance.  Many  changes 
have  been  made  in  the  manufacture  of  the  ball  since  the  beginning  of 
the  game  in  an  attempt  to  increase  the  elasticity  of  the  ball  as  well  as 
to  increase  the  strength  of  the  ball.  At  the  instant  of  contact  of  the 
bat  and  ball  a  more  or  less  elastic  deformation  occurs  accompanied  by 
an  interchange  of  momentum.  It  is  only  in  the  case  of  the  impact  of 
perfectly  elastic  spheres  that  the  interchange  of  momentum  is  com¬ 
plete. 

A  consideration  of  the  size  of  the  ball  field  will  give  us  some 
rather  interesting  information  regarding  the  game.  The  bases  are  90 
feet  apart  and  15  seconds  about  the  bases  is  fast  time.  First  base  is 
commonly  made  in  4  seconds  flat.  Let  us  watch  the  ball,  perhaps  an 
infield  grounder,  moving  with  a  speed  of  60  miles  per  hour  or  88  feet 
per  second.  The  ball  reaches  the  shortstop  playing  about  125  feet 
from  the  home  plate  in  1.4  seconds.  Allowing  1.7  seconds  for  the 
throw  to  first,  leaves  only  0.9  seconds  to  make  the  pick  up,  draw  the 
arm  back  and  throw  to  first.  It  is  this  delicate  balance  in  time  be¬ 
tween  the  runner  and  the  movement  of  the  ball  that  makes  the  game 
interesting. 
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At  the  rate  of  120  feet  per  second  the  ball  takes  only  ^4  second 
to  get  from  the  pitcher’s  hand  to  the  batter.  The  time  is  short  in 
which  the  batter  must  make  up  his  mind,  telegraph  instructions  to  his 
muscles  and  swing  on  the  ball.  Half  the  time  a  pitcher  fools  the 
batter  is  not  because  he  did  not  see  the  curve,  but  because  there  was 
not  sufficient  time  for  the  nervous  reaction. 


Where  Is  the  Best  Place  on  the  Bat  to  Hit  the  Ball? 

We  all  have  experienced  that  unpleasant  sensation  when  the  ball 
is  struck  at  the  wrong  place  and  a  sudden  shock  is  communicated  to 


the  hands.  We  shall  consider  an  experiment  which  will  perhaps  throw 
some  light  on  this  point.  Suspend  the  bat  as  a  pendulum  (see  Fig.  1) 
so  that  it  will  oscillate  about  the  point  usually  held  in  the  hands  and 
determine  its  period  of  oscillation.  In  the  present  instance  we  ob¬ 
serve  that  the  bat  makes  20  swings  in  30  seconds.  Its  natural  period 
of  oscillation  is  1.5  seconds.  Suspending  the  ball  by  a  fine  wire  we 
find  that  its  period  depends  upon  the  length  of  the  supporting  wire. 

We  will  observe  the  effect  upon  the  bat  when  the  ball  is  made 
to  strike  the  bat  near  the  end.  The  movement  of  the  bat  upon  the 
support  indicates  that  a  severe  shock  has  been  transmitted  through 
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the  bat  to  the  point  of  suspension.  If  the  ball  strikes  the  bat  at  a 
point  near  the  support  a  similar  condition  results.  Let  the  wire  sup¬ 
porting  the  ball  be  shortened  until  the  period  of  oscillation  is  the  same 
as  the  bat,  i.  e.,  1.5  seconds,  and  the  experiment  again  tried.  A  dif¬ 
ferent  effect  is  observed.  No  motion  takes  place  upon  the  support 
and  the  sound  of  the  impact  indicates  a  good  hit.  This  point  on  the 
bat  is  called  the  center  of  percussion.  It  is  located  at  a  distance  from 
the  place  where  the  bat  is  held  equal  to  the  length  of  the  simple  pendu¬ 
lum  which  has  the  same  period  of  oscillation  as  the  bat. 


How  Far  Can  a  Ball  Be  Batted? 

A  ball  tossed  and  batted  has  been  observed  to  travel  a  distance  of 
419  feet  3/2  inch  before  striking  the  ground.  This  is  not  quite  so  good 
as  the  record  thrown  ball,  which  struck  the  ground  at  a  distance  of 
426  feet  9^2  inches.  No  record  seems  to  exist  of  the  distance  made 
by  a  ball  batted  from  pitching.  A  small  boy  outside  the  fence  always 
makes  off  with  the  ball  before  an  over-fence  drive  can  be  measured. 
It  is  probably  over  500  feet. 

Let  us  watch  the  ball  on  one  of  these  over-fence  drives.  The 
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impact  between  the  bat  and  ball  produces  a  force  which  starts  the  ball 
off  with  a  high  velocity  and  at  an  angle  with  the  horizontal.  If  it 
were  not  for  the  existence  of  the  external  forces  the  ball  would  con¬ 
tinue  along  this  line  without  the  slightest  change  in  velocity.  If  the 
velocity  given  to  the  ball  be  equal  to  120  feet  per  second  and  the 
angle  of  elevation  be  45  degrees  (see  Fig.  2),  the  ball  would  travel 
along  this  line  a  distance  of  120  feet  every  second,  mounting  higher 
and  higher.  Under  actual  conditions  the  ball  is  subject  to  the  attrac¬ 
tion  of  gravity  and  the  resistance  of  the  air,  both  of  which  have  their 
effect.  We  will  consider  first  the  effect  of  the  gravitational  attraction 
which  will  cause  the  ball  to  travel  considerably  below  this  line.  From 
the  table  prepared  for  the  falling  body  we  observe  the  distances 
passed  over  in  1,  2,  3,  etc.,  seconds.  The  baseball  in  its  passage 
through  the  air  will  be  acted  upon  by  the  same  force  and  will  be 
drawn  toward  the  earth  by  the  same  amount.  If  we  lay  out  these 
distances  below  the  45  degree  line  we  obtain  a  uniform  curve  over 
which  the  ball  would  travel  in  a  non-resisting  medium.  The  air,  how¬ 
ever,  retards  this  motion  and  the  ball  deviates  from  this  theoretical 
curve  in  the  latter  portion  of  its  trajectory.  The  curve  which  we' 
have  drawn  is  known  to  the  mathematician  as  the  parabola.  The  air 
resistance  will  flatten  out  one  end  of  this  parabola,  thus  reducing  the 
distance  travelled  by  the  ball  before  striking  the  ground. 

The  path  of  the  ball  through  space  which  we  have  considered  is 
in  all  respects  the  same  as  the  trajectory  of  the  projectile  from  one  of 
our  modern  guns.  A  knowledge  of  the  behavior  of  the  projectile 
after  it  leaves  the  gun  is  of  extreme  importance  in  modern  warfare. 
The  motion  of  the  projectile  is  affected  by  the  resistance  of  the  air 
and  to  a  slight  extent  by  the  rotation  of  the  earth.  The  modern  gun 
is  rifled  giving  to  the  projectile  a  rotation  about  an  axis  in  the  direc¬ 
tion  of  its  motion  through  the  air.  This  rotation  keeps  the  projectile 
from  deviating  to  the  right  or  left  of  the  direction  in  which  it  is  fired. 

The  Curve  Ball 

Perhaps  the  most  interesting  problem  is  the  curve  ball.  It  is 
produced  by  giving  the  ball  a  rotation  at  right  angles  to  the  direction 
of  its  forward  motion.  You,  no  doubt,  know  how  to  throw  such  a 
curve  ball.  The  scientist  goes  a  step  further  and  inquires  the  reason 
for  this  deviation  from  the  original  direction.  The  rapid  rotation  of 
the  ball  will  cause  about  it  a  current  of  air  which  rotates  in  the  same 
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direction  as  the  ball  (see  Fig.  3).  There  is  also  the  relative  motion 
of  the  ball  with  respect  to  the  air  in  its  direction  of  forward  motion. 
We  observe  that  on  one  side  of  the  ball  these  motions  conspire  while 
on  the  other  side  they  are  opposed.  There  is  therefore  produced  on 
the  opposite  sides  of  the  ball  different  air  velocities.  The  direction 
of  curvature  of  the  ball  is  always  observed  to  be  in  the  direction  of  the 
motion  of  the  foreward  part  of  the  ball.  It  behaves  as  if  a  force  were 
acting  upon  the  side  of  the  ball  on  which  the  motions  of  the  air  are 
opposed. 


3/ZLL 


Zorr  fr'CSSC/s'e 


Fig.  3. 


Our  problem,  therefore,  is  to  observe  the  behavior  of  a  ball  about 
which  the  air  is  moving  with  different  velocities.  Suppose  we  have 
suspended  by  long  wires  a  couple  of  wooden  balls  (see  Fig.  4a), 
separated  by  ^2  inch  and  then  cause  a  current  of  air  to  pass  between 
them.  We  observe  that  they  are  forced  together.  This,  perhaps,  was 
not  to  have  been  expected.  A  rapid  stream  of  air  passing  by  an  ob¬ 
ject  produces  some  curious  effects. 

If  I  place  a  piece  of  paper  upon  the  large  end  of  a  funnel  (see 
Fig.  4b)  and  blow  air  into  the  small  end  I  find  it  impossible  to  blow 
the  paper  away.  Again,  let  a  small  ball  be  placed  in  the  funnel  and 
attempt  to  blow  it  out.  The  harder  we  blow  the  less  likely  is  the  ball . 
to  be  forced  out.  If  we  consider  these  phenomena  carefully  we  ob¬ 
serve  that  on  one  side  the  air  is  g-iven  a  high  velocity  with  a  resulting- 
decrease  in  the  pressure.  The  air  passing  rapidly  between  the 
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wooden  balls  produced  a  region  of  low  pressure  between  them  and 
they  were  forced  together.  The  air  passing  out  beneath  the  paper 
upon  the'  funnel  was  accompanied  by  a  low  pressure,  and  in  the  same 
way  the  air  flowing  rapidly  past  the  ball  within  the  funnel  caused  it 
to  be  pressed  tighter  and  tighter  to  the  walls  of  the  funnel.  This 
phenomena  has  been  expressed  as  Bernoullie’s  principle,  “where  there 
is  a  high  velocity  we  have  a  low  pressure.” 

Returning  now  to  the  baseball  rapidly  rotating  while  travelling 
forward  we  see  that  on  one  side  the  velocity  of  the  air  stream  is 
greater  than  on  the  other  side  (see  Fig.  3).  A  region  of  low  pressure 
results  and  the  ball  is  forced  out  of  the  direct  line  into  a  curve.  The 
curvature  of  the  path  is  always  in  the  direction  toward  which  the 
front  of  the  ball  is  rotating.  By  reversing  the  direction  of  rotation 


the  ball  can  be  made  to  curve  in  the  opposite  direction.  We  have  per¬ 
haps  found  the  explanation  of  the  curved  ball. 

Let  a  3-inch  by  5-inch  card  be  dropped  with  the  5-inch  edge 
horizontal.  It  immediately  begins  to  rotate  and  the  deviation  from 
the  vertical  fall  is  always  in  the  direction  of  the  rotation  of  the  lower 
edge. 

We  shall  try  still  another  experiment  to  prove  the  point  in  ques¬ 
tion.  In  cases  where  it  is  difficult  to  study  the  behavior  of  objects 
moving  rapidly  through  the  air  we  can  produce  the  same  condition  by 
keeping  the  object  stationary  and  blowing  the  air  past  the  object.  It 
is  usual  to  employ  an  air  tunnel  in  experimenting  with  model  aero¬ 
planes.  I  found  the  ordinary  vacuum  cleaner  to  produce  an  excellent 
stream  of  air  into  which  I  could  place  the  ball  for  observation  (see 
Fig.  4c). 
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The  ball  rises  in  the  air  column  to  an  equilibrium  position,  where 
it  remains  supported  in  mid-air.  In  this  experiment  the  air  is  passing 
uniformly  on  all  sides  of  the  ball  and  there  is  no  unbalanced  force 
causing  it  to  move  to  either  side.  As  the  air  stream  is  moved  about 
the  ball  will  be  forced  to  follow  showing  that  it  is  acted  upon  by  a 
force  from  the  surrounding  air,  but  equally  on  all  sides.  Inclining  the 
air  column  we  observe  that  the  ball  stands  in  mid-air  apparently  re¬ 
gardless  of  the  attraction  of  gravity.  All  this  can  be  explained  by 
the  Bernoullie  principle,  “Where  there  is  a  high  velocity  there  is  also 
a  region  of  low  pressure.” 

We  will  conclude  our  scientific  investigation  of  the  flight  of  a  ball 
through  the  air  with  a  few  words  about  golf.  Stand  beside  a  good 
player  and  watch  him  make  a  fine  drive.  The  ball  has  been  teed  just 
above  the  ground  and  the  driver  moves  with  a  beautiful  swing  in  the 
direction  of  the  ball.  Sometimes  the  ball  is  hit  and  sometimes  not. 


YVe  are  observing  a  good  drive ;  the  face  of  the  club  is  moving  horizon¬ 
tal  at  the  time  the  ball  is  hit,  but,  because  of  the  inclination  of  the 
face  of  the  driver  the  ball  is  struck  below  the  center  of  gravity.  The 
immediate  effect  is  to  give  the  ball  an  underspin.  The  roughened  sur¬ 
face  of  the  ball  sets  in  motion  the  surrounding  air,  producing  a 
greater  air  velocity  above  the  ball  with  the  accompanying  low  pres¬ 
sure.  The  golf  ball  rises  against  the  attraction  of  gravity  and  trajec¬ 
tory  is  concave  upward  for  a  great  portion  of  its  path. 

The  effect  of  this  underspin  is  to  cause  the  ball  to  remain  in  the 
air  much  longer  than  in  the  case  of  a  non-rotating  ball  and  thereby  to 
cover  a  greater  distance.  By  giving  the  ball  an  underspin  a  good 
driver  accomplishes  the  same  effect  that  brute  force  might  have  ac¬ 
complished  and  with  less  effort. 


THE  DIAMOND  AND  ITS  COLORED  BRETHREN 
By  Freeman  P.  Stroup,  Ph.  M. 

THIS  IS  A  STORY  of  the  Carbon  family,  a  group  of  substances 
the  members  of  which  are,  chemically,  wholly  or  chiefly  carbon, 
yet  so  widely  variant  in  physical  properties  as  to  place  them  in  very 

different  fields  of  usefulness.  In  some 
respects  members  of  the  family  may  be 
compared  with  members  of  the  Human 
family.  In  both  groups  we  find  some 
members  whose  reason  for  existence 
seems  to  be  chiefly  ornamental,  others  in 
which  the  ornamental  and  useful  are 
about  evenly  balanced,  others  which  shine 
chiefly  in  utilitarian  positions  and  some 
which  are,  perhaps,  wholly  useful  and 
never  to  be  considered  as  being  in  any 
sense  ornamental. 

The  members  of  the  Carbon  family 
are :  The  Diamond,  Graphite,  Coal  of  many  varieties,  Animal  Char¬ 
coal,  Wood  Charcoal,  Lampblack,  and  Coke  of  several  varieties.  Of 
these,  the  diamond  and  coal  are  purely  of  mineral  origin;  graphite  is 
chiefly  of  mineral  origin,  a  little  being  a  product  of  the  electric  fur¬ 
nace;  while  coke,  the  charcoals,  and  lampblack  are  produced  by  arti¬ 
ficial  means  and  represent  in  each  case  a  product  of  the  incomplete 
combustion  of  some  substance  rich  in  carbon,  generally  in  combina¬ 
tion  with  other  elements. 

The  transparent  diamond,  whether  colored  or  water-white,  may 
be  considered  the  aristocrat  of  the  Carbon  family,  because  of  its  rela¬ 
tive  scarcity  and  because  of  some  of  its  physical  properties.  The  chief 
function  of  “gems  of  the  first  water”  (a  term  applied  to  very  fine 
stones)  and,  indeed,  of  some  which  are  not  so  fine,  is  to  “look  pretty,” 
or  be  ornamental.  Incidentally,  they  “tickle  the  vanity”  of  their  pos¬ 
sessors,  “excite  the  envy”  of  the  impecunious,  and  “tempt  the  cupid¬ 
ity”  of  the  criminally  inclined. 

As  gems,  diamonds  owe  their  brilliancy  in  part  to  their  color  or 
freedom  from  color,  their  transparency,  their  freedom  from  flaws, 
their  high  refractive  and  reflective  powers.  The  shape  of  a  diamond 
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has  much  to  do  with  its  brilliancy.  The  more  nearly  the  side  faces 
and  the  top  planes  come  to  bearing  certain  angular  relations  to  one 
another,  the  greater  will  be  the  amount  of  light  radiated  from  the 
upper  surfaces,  and  the  greater  the  brilliancy.  In  the  absence  of  light 
the  diamond  is,  of  course,  valueless  as  a  gem,  just  as  purely  orna¬ 
mental  humans  are  mere  clods  in  the  absence  of  light.  Purely  orna¬ 
mental  humans  are  often  about  as  “transparent,”  figuratively,  as  dia¬ 
monds  are  transparent,  literally. 

Diamonds  which  are  absolutely  valueless  as  gems  are  useful  be¬ 
cause  of  their  extreme  hardness,  being,  with  the  possible  exception 
of  crystallized  boron,  the  hardest  form  of  matter  known  to  man. 
Edged  fragments  will  scratch  any  other  mineral,  as  well  as  the  hard¬ 
est  varieties  of  steel.  Contrary  to  the  belief  of  many,  though,  the 
ability  to  scratch  glass  is  not  a  proof  that  any  certain  gem  is  a  dia¬ 
mond.  Many  other  gems  will  do  the  same  thing  though  not  so  easily. 

The  name  “diamond”  seems  to  have  been  derived  from  “adamas” 
or  “adamant,”  words  which  mean  “unsubduable.”  While  gems  of 
other  kinds  have  been  known  for  thousands  of  years,  it  appears  that 
the  diamond  as  such  has  not  been  known  for  more  than  a  few  centu¬ 
ries.  It  is  significant  that  not  one  of  the  collections  of  historic  gems 
in  various  museums  in  Europe  contains  a  diamond  whose  history  can 
be  traced  back  more  than  a  few  hundred  years.  In  several  parts  of 
the  Old  Testament  of  the  Bible  we  read  of  adamant,  but  it  is  likely 
that  it  meant  corundum,  several  crystallized  varieties  of  which  are 
known  as  rubies  and  sapphires,  and  which  are  very  hard  and  might 
well  be  considered  “unsubduable.” 

Geographically,  diamonds  are  found  in  various  parts  of  the 
world:  India  (Golconda),  Russia  (the  Ural  Mountains),  Australia, 
Borneo,  Brazil  (Bahia),  Central  Africa  (the  Congo  region),  South 
Africa,  British  Guiana,  United  States  (Arkansas).  The  South 
African  deposit  is  by  far  the  largest  known,  and  for  years  has  sup¬ 
plied  the  most  of  the  world’s  demand.  The  Arkansas  production  has 
been  insignificant.  Isolated  stones  have  been  picked  up  in  widely 
scattered  sections  of  the  world,  with  little  or  nothing  to  indicate  how 
they  got  there,  and  nothing  to  suggest  a  possibility  of  others  being 
found  in  the  same  section.  Like  Doctor  Russell  H.  Conwell’s  “Acres 
of  Diamonds,”  they  are  apt  to  be  found  in  the  most  unexpected  of 
places. 

Geologically,  diamonds  are  found  in  alluvial  soil  and  gravel  de¬ 
posits  making  up  the  beds  of  streams  now  or  once  in  existence,  in 
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micaceous  slate  deposits,  and  imbedded  in  certain  soft  (sometimes 
flexible)  sandstones.  In  South  Africa  they  are  found  in  a  peculiar 
blue  clay.  In  some  places  they  are  found  at  or  near  the  surface  of  the 
earth,  in  other  places  (South  Africa,  in  particular)  they  are  found 
all  the  way  down  from  the  surface  to  depths  of  several  thousand  feet. 

The  nature  of  the  material  in  which  they  are  found  determines 
the  method  used  for  their  separation.  When  found  in  alluvial  soil  or 
gravel  the  methods  are  similar  to  those  used  by  “The  Forty-niners” 
in  California  in  gathering  “gold-dust,”  namely,  hand-picking,  “pan¬ 
washing,”  “cradlewashing.”  In  South  Africa  the  clay  is  brought  to 
the  surface,  softened  with  water,  disintegrated  and  the  mud  washed 
away  with  water,  the  remaining  gravel  flowed  with  water  over  in¬ 
clined  vibrating  tables  called  “pulsators,”  the  surfaces  of  which  are 
coated  with  a  special  kind  of  grease  to  which  the  diamonds  stick,  while 
other  pebbles  slide  over  it.  From  time  to  time  they  are  picked  out  of 
the  grease. 

The  natural  shape  of  the  diamond  varies  according  to  where  it 
is  found.  When  found  in  gravel  deposits  it  may  be  rounded  some¬ 
what  ;  when  found  in  clay  it  is  more  apt  to  be  crystalline,  the  general 
shape  being  that  of  a  regular  octahedron  (eight-sided  polygon),  or 
some  modification  of  it.  It  possesses  definite  planes  of  cleavage, 
along  which  it  may  be  split  quite  easily,  and  which  is  the  reason  for 
an  individual  stone  sometimes  breaking  into  two  or  more  pieces  on 
receipt  of  a  relatively  light  blow. 

As  stated  before,  most  of  the  diamonds  used  as  gems  come  from 
South  Africa,  and  the  output  is  controlled  by  agreement  among  the 
producers,  so  that  there  shall  not  be  sharp  fluctuations  in  the  price. 
It  is  sometimes  stated  that  if  all  the  diamonds  produced  were  to  be 
allowed  to  come  onto  the  market  as  fast  as  produced  they  would  be 
as  common  and  as  cheap  as  glass  beads.  This  is  not  true,  and  can 
never  be  true,  for  much  of  the  cost  of  a  cut  diamond  is  due  to  the 
immense  amount  of  labor  that  has  to  be  expended  in  its  cutting. 

South  Africa  is  said  to  have  produced  in  the  last  eight  years  up¬ 
wards  of  12,000,000  carats  weight  of  diamonds,  valued  in  the  rough 
at  over  $300,000,000.  British  Guiana  has  furnished  in  the  same  time 
nearly  900,000  carats,  valued  at  about  $20,000,000.  The  Brazilian 
production  has  been  as  high  as  $10,000,000  worth  in  a  single  year, 
about  equally  divided  between  stones  fit  for  making  into  gems  and 
so-called  “black  diamonds”  (“carbonado”),  fit  for  industrial  purposes 
only. 
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Amsterdam  and  Antwerp  are  the  great  centers  of  the  diamond¬ 
cutting  industry,  as  many  as  10,000  persons  being  engaged  at  one  time 
on  this  work  in  the  former  city  alone.  In  recent  years  there  has  been 
a  steady  increase  in  the  number  of  stones  cut  in  this  country.  It  is 
interesting  to  study  the  following  figures  representing  importations 
into  the  United  States : 

1921  1922  1923  1924 

Cut  $29,000,000  $52,500,000  $60,500,000  $60,000,000 

Uncut  2,250,000  8,300,000  7,400,000  11,660,000 

As  stated  before,  diamonds  may  be  split  along  certain  planes. 
This  is  sometimes  resorted  to  in  efforts  to  produce  smaller  flawless 
gems  from  large  stones  which  have  flaws  or  large  or  small  “carbon 
spots”  (opaque  sections)  in  them.  Many  of  the  largest  stones  found 
in  the  history  of  the  industry  were  imperfect  and  could  be  converted 
into  perfect  gems  only  by  splitting  them  into  several  sections  and 
fashioning  gems  from  these.  Sometimes  large  stones  are  “sawed”  by 
means  of  rapidily  rotating  thin  discs  of  metal  coated  with  grease  and 
“diamond  dust.”  The  so-called  “cutting”  of  the  faces  of  diamonds 
is  not  a  cutting  in  the  ordinary  sense  of  the  term,  but  is  a  grinding 
down  of  irregular  to  plane  surfaces.  Sometimes  this  is  effected  by 
holding  one  stone  in  contact  with  another  which  is  in  oscillatory  or 
rotary  motion,  each  stone  being  worn  away  in  the  process.  Polishing 
is  effected  by  holding  the  face  of  the  diamond  against  the  side  of  a 
rapidly-rotating  disc,  coated  with  grease  and  diamond  dust.  To  en¬ 
able  the  operator  to  hold  the  diamond  in  a  fixed  position  it  is  partly 
imbedded  in  some  metal,  such  as  aluminum,  lead,  or  some  readily 
fusible  but  hard  alloy.  For  large  stones  special  clamps  are  sometimes 
used.  The  cutting  losses  ai;e  great,  often  amounting  to  more  than  half 
the  original  weight  of  the  stone. 

The  shapes  of  cut  diamonds  are  of  three  general  types :  “Table- 
cut,”  “Rose-cut,”  and  “Brilliant-cut.”  In  the  “table-cut”  stone  the 
top  is  four-sided  and  surrounded  by  four  four-sided  planes  set  at  an 
obtuse  angle  to  the  top,  together  with  smaller  planes  all  or  nearly  all 
four-sided.  In  the  “rose-cut”  gem  there  are  six  three-sided  faces 
around  a  central  point  and  sloping  away  from  it,  these  surrounded  by 
other  circles  of  three-sided  faces  numbering  six  or  some  multiple  of 
six.  If  the  under  side  of  the  stone  is  flat  the  gem  is  “rose-cut,”  if 
both  sides  are  cut  in  the  same  general  design  the  gem  is  said  to  be 
“double  rose-cut.”  Upwards  of  95  per  cent,  of  the  diamonds  cut  in 
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recent  years  are  “brilliant-cut,”  the  top  being  composed  of  a  central 
“table”  of  eight  sides,  from  which  slope  away  at  obtuse  angles,  eight 
three-sided  faces  in  the  first  circle,  eight  four-sided  kite-shaped  faces 
in  the  second  circle,  and  sixteen  three-sided  faces  in  the  third  circle; 
making  thirty-three  faces  in  all  for  the  upper  part  of  the  gem.  The 
under  part  consists  of  a  small  central  eight-sided  table  called  “the 
culette,”  surrounded  by  eight  five-sided  kite-shaped  faces  in  the  first 
circle,  and  sixteen  three-sided  faces  in  a  second  circle;  or  twenty-five 
faces  in  all.  It  is  seen  that  a  brilliant  has  fifty-eight  flat  sides,  com¬ 
monly  called  “facets,”  and  should  be  more  brilliant  in  fact  than  gems 
of  other  styles  of  cut. 

In  very  large  stones  such  as  are  found  in  museum  collections, 
and  often  in  collections  of  “crown  jewels”  of  royalty,  the  style  used 
in  cutting  was  determined  by  the  shape  of  the  original  rough  stone, 
and  odd  shapes  are  the  rule.  Odd  shapes  are  not  popular  ordinarily, 
hence  regular  shapes  are  the  ones  usually  found  in  diamond  dealers’ 
stocks. 

The  brilliancy  of  a  diamond,  as  before  stated,  is  dependent  upon 
the  amount  of  light  it  throws  into  the  eye  of  the  beholder.  It  us 
“dead”  in  the  dark.  The  stronger  the  light  the  greater  the  sparkle, 
hence  the  diamond  merchants’  use  of  plenty  of  light  in  display  cases. 
When  a  beam  of  light  strikes  the  surface  of  a  transparent  solid  or 
liquid  at  any  other  angle  than  ninety  degrees  it  is  either  totally  re¬ 
flected,  totally  refracted,  or  partly  reflected  and  partly  refracted.  By 
the  latter  term  we  mean  that  the  light  rays  pass  through  the  surface 
and  through  the  transparent  substance  toward  the  other  side,  but  not 
in  the  same  direction  it  came  from  the  source  of  light.  Rather,  it  is 
bent  toward  a  line  perpendicular  to  the  surface  through  which  it  en¬ 
tered.  If  the  side  from  which  it  might  be  expected  to  emerge  is  at 
the  proper  angle,  it  will  not  emerge,  but  will  be  reflected  off  in  another 
direction  to  emerge  possibly  at  another  side.  It  will  be  seen  that  some 
rays  of  light  entering  the  top  of  a  diamond  may  be  refracted,  then 
reflected  a  number  of  times  and  eventually  emerge  through  the  top 
again,  and  the  observer  may  receive  a  half  dozen  or  more  rays  into 
his  eye  at  one  time  from  different  faces  of  the  gem.  The  greater  the 
number  of  sources  of  light  the  greater  are  the  number  of  chances  of 
this  happening.  This  is  why  gems  sparkle  more  in  artificially-lighted 
rooms  containing  many  lamps  than  in  direct  sunlight,  or  from  any 
other  single  source  of  light. 

In  speaking  of  the  weight  of  diamonds  produced  in  various  dia- 
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mond  fields  the  term  carat  was  used.  The  real  weight  of  a  carat  in 
grains  of  the  ordinary  systems  of  weight,  or  in  milligrams  of  the 
metric  system,  has  varied  through  the  years,  and  it  appears  that  it 
does  not  always  mean  the  same  thing  even  now.  At  any  rate,  certain 
diamond  merchants  or  salesmen  in  this  city  visited  by  the  writer  in 
search  of  information  did  not  have  any  definite  idea  as  to  the  real 
value  of  the  carat  in  grains,  nor  did  they  agree  with  one  another.  It 
seems  to  be  practically  fixed  at  200  milligrams  or  about  three  and  one- 
twelfth  grains,  but  has  been  as  high  as  four  grains  (nearly  260  milli¬ 
grams).  The  largest  diamond  ever  found  was  the  Cullinan.  It 
weighed  over  3000  carats  or  about  one  and  one-half  pounds  avoirdu¬ 
pois.  Fractions  of  carats  used  to  be  expressed  in  halves,  quarters, 
eighths,  sixteenths,  thirty-secondths  and  sixty-fourths.  Today  they 
are  expressed  in  “points”  (parts  per  100).  A  “half-carat”  diamond 
of  our  grandmother’s  time  is  a  “50-point”  stone  now. 

The  selling  price  of  a  diamond  is  not  determined  to  a  great  de¬ 
gree  by  weight.  A  five-pound  package  of  sugar  will  cost  not  more  than 
five  times  as  much  as  a  one-pound  package,  but  a  five-carat  diamond 
will  cost  a  whole  lot  more  than  five  times  as  much  as  a  one-carat  gem 
of  equal  brilliancy.  Color,  shape,  freedom  from  imperfections  both 
in  the  stone  itself  and  in  its  cutting,  size,  brilliancy,  all  enter  into  the 
computation  of  the  selling-price ;  not  to  say  anything  about  the  “over¬ 
head”  of  the  diamond  merchant’s  establishment,  nor  the  size  of  the 
purse  of  the  probable  purchaser  (“what  the  traffic  will  bear”).  Good 
blue-white  stones  are  retailing  around  $600  per  carat  and  upward. 
When  they  are  offered  for  prices  one-quarter  or  one-fifth  of  this 
amount,  they  should  be  thoroughly  examined  for  imperfections  of  one 
kind  and  another. 

Many  people  imagine  that  diamonds  are  the  highest-priced  gems 
known,  but  study  of  the  following  figures  taken  from  the  1924  Min¬ 
eral  Industry  shows  that  it  is  not  always  the  case : 


Exceptional 
Quality 
per  Carat 

Fine  Quality 
per  Carat 

Emerald 

$6000 

$1000 

Ruby 

4500 

1000 

Sapphire 

2000 

O 

O 

lO 

Diamond  (White) 

3500 

/OO 

Ten-grain  Pearl 

26  00 

2000 

Exceptionally  colored  diamonds  bring  very  high  prices. 
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The  diamond  is  the  hardest  substance  known  and  cannot  be 
scratched  or  marred  by  rubbing  against  anything  else,  so  diamonds  as 
gems  do  not  lose  their  luster  with  even  the  hardest  usage,  as  do  many 
other  gems.  They  are  not  affected  by  any  chemicals,  such  as  alkalies, 
acids  or  oxidizing  agents.  Even  hydrofluoric  acid,  which  attacks 
most  metals  and  gems  as  well  as  glass,  has  no  effect  on  a  diamond. 
So  far  as  the  gem  is  concerned  it  is  perfectly  safe  to  wear  your  dia¬ 
monds  while  washing  the  dinner  dishes,  doing  the  Monday-morning 
stunt  at  the  washtub,  the  Saturday-night  turn  in  the  bathtub,  or  the 
yearly  swim  in  the  ocean ;  nor  need  the  worker  fear  for  his  diamond 
while  employed  in  the  acid  factory,  the  alkali  works,  the  dyeing  plant, 
or  any  other  chemical  industry.  Should  you  drop  your  ring  into  the 
kitchen  stove  or  the  furnace  in  the  basement,  or  should  your  house 
burn  down,  the  chances  of  your  recovering  your  diamond  unharmed 
are  very  good.  When  heated  to  above  1300  degrees  Fahrenheit  in  air 
or  oxygen,  a  diamond  will  burn,  the  product  of  combustion  being  car¬ 
bon  dioxide,  exactly  the  same  gas  you  get  from  burning  so-called 
“black  diamonds”  (coal)  in  your  furnace.  By  the  way,  the  diamond 
is  the  only  substance  except  jet  used  as  a  gem  that  will  burn. 

Among  the  utilitarian  uses  of  the  diamond,  all  dependent  upon 
its  extreme  hardness  or  resistance  to  wear,  are : 

The  cutting  of  glass,  drilling  holes  in  other  gems,  drilling  watch 
“jewels,”  drilling  holes  in  granite  and  other  rocks  by  instruments  the 
cutting  edge  of  which  is  made  up  of  diamonds  (the  diamond-drill), 
cutting  hard  rubber,  ebonite  and  other  tough  substances  that  resist 
knife  edges,  truing  delicate  parts  for  watches,  optical  instruments, 
“chasing”  gold  and  silver  articles,  grinding  parts  for  precision- 
apparatus  of  many  kinds  (including  certain  parts  of  automobiles), 
for  making  diamond  dies  (not  Diamond  Dyes)  for  use  in  drawing 
fine  wire. 

Of  course,  this  work  is  done  usually  with  diamonds  that  cannot 
be  used  as  gems,  because  of  imperfections  as  to  color  and  other  prop¬ 
erties. 

Diamonds  have  been  produced  artificially,  but  not  of  a  size  large 
enough  for  use  as  gems,  nor  cheaply  enough  to  compete  with  diamond 
dust  from  natural  diamonds. 

Graphite,  whose  name  is  derived  from  words  meaning,  “I  write,” 
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is  the  second  member  of  our  Carbon  family,  and  is  almost  as  different 
from  the  diamond  as  day  is  from  night.  Instead  of  being  trans¬ 
parent  it  is  very  opaque,  so  that  a  very  thin  film  of  it  effectually  hides 
surfaces  to  which  it  may  be  applied;  and  instead  of  being  hard  it  is 
one  of  the  very  softest  of  mineral  substances,  so  in  place  of  “irritat¬ 
ing”  (as  it  were)  other  things  with  which  it  comes  into  contact,  it 
“smoothes”  them  down.  It  is  found  in  nature  very  much  more 
abundantly  than  the  diamond  and  can  be  manufactured  rather  cheaply 
from  other  forms  of  carbon,  so  it  does  not  make  as  much  of  a  show  in 
aristocratic  society  as  does  its  harder  brother,  yet  is  given  a  welcome 
by  members  of  the  aristocracy  in  many  ways,  though  probably  un¬ 
consciously  on  their  part.  It  may  not  be  very  conspicuous  in  the 
drawing-room,  though  it  is  generally  there  hidden  in  the  core  of  the 
miniature  lead-pencil  attached  to  the  dance  card ;  but  it  “shines”  in  the 
kitchen,  spread  over  the  kitchen  range. 

Graphite  is  often  called  “plumbago”  or  “black  lead,”  because  of 
its  color  resemblance  to  tarnished  lead  (the  plumbum  of  the  chemist), 
hence  the  name  “lead  pencil.” 

Geographically,  graphite  is  found  in  many  parts  of  the  world, 
large  deposits  being  found  in  such  widely  scattered  parts  as  Mexico, 
Ceylon,  Canada,  Madagascar,  Austria,  Germany,  Italy,  Korea.  It 
has  been  produced  in  parts  of  the  United  States,  but  at  present  the 
United  States  plants  are  all  idle  or  nearly  so,  the  graphite  being  so 
diluted  with  useless  material  as  to  make  its  purification  too  expensive 
to  compete  with  that  from  countries  whose  deposits  are  more  nearly 
pure.  At  Niagara  Falls  there  is  a  considerable  production  of  graphite 
from  coke  by  processes  using  the  high  temperature  of  the  electric 
furnace. 

The  color  of  graphite,  a  greyish  black,  and  its  strong  luster  adapt 
it  for  use  in  certain  paints  and  polishes.  Many  stove  polishes  contain 
a  large  per  cent,  of  graphite,  as  do  many  paints  used  on  structural 
steel  work.  While  the  function  of  these  on  stoves  and  much  steel 
work  is  ornamental  in  the  main,  it  is  also  largely  utilitarian,  the  latter 
function  depending  upon  the  unalterable  character  of  graphite,  its 
high  degree  of  opacity,  and  the  tenacity  with  which  it  sticks  to  the 
surface  of  metal. 

Because  it  stands  high  temperatures  without  either  fusing  or 
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burning,  and  because  it  changes  but  little  in  volume  under  wide 
changes  in  temperature,  graphite  is  a  most  valuable  constituent  of  so- 
called  “graphite  crucibles,”  used  as  vessels  in  which  may  be  melted 
such  difficultly  fusible  metals  as  gold,  silver  and  crucible  steel.  Be¬ 
cause,  in  addition  to  the  properties  named,  it  is  a  good  conductor  of 
electricity,  it  is  used  in  the  manufacture  of  electrodes  for  electro¬ 
chemical  processes,  and  for  parts  in  many  forms  of  electrical  appa¬ 
ratus. 

Because  of  its  slippery  character  it  is  very  useful  alone  or  mixed 
with  oils  or  fats  as  a  lubricant.  Many  automobile  tires  contain  it  in 
admixture  with  rubber  and  other  materials,  the  graphite  contributing 
considerably  to  the  wear  of  the  tire,  because  of  its  anti-friction  quali¬ 
ties.  It  is  inert  to  the  action  of  acids  and  alkalies  generally,  but  does 
not  withstand  the  action  of  oxidizing  agents.  It  is  a  very  useful  mem¬ 
ber  of  the  Carbon  family  and  suggests  qualities  that  might  be  acquired 
to  advantage  by  many  of  us  members  of  the  Human  family. 

Next  on  our  list  come  “the  twins,”  Anthracite  and  Bituminous, 
whose  function  is  almost  solely  as  useful  members  of  society.  In 
the  curio  stores  in  the  “anthracite  coal  region”  it  is  possible  to  pur¬ 
chase  numerous  articles  made  of  anthracite  which  are  ornamental 
chiefly,  but  this  use  of  this  member  of  the  Carbon  family  is  so  slight 
as  to  be  hardly  worth  mentioning.  My  hearers  and  readers  are  so 
familiar  with  “the  twins”  that  I  am  sure  they  will  excuse  me  if  I  do 
not  say  anything  further  about  them  at  this  time,  and  pass  on  to  the 
next  members  of  the  family,  the  second  pair  of  twins,  the  “charcoal 
twins,”  Animal  and  Wood.  I  should  have  stated  that  Anthracite  and 
Bituminous  have  a  cousin  which  partakes  of  the  natures  of  both.  It 
is  bright  and  shiny  and  clean  to  handle  like  washed  Anthracite,  but 
soft  and  easily  burned  like  Bituminous.  It  gets  very  “gassy”  when 
heated,  so  it  is  often  used  to  make  illuminating  gas  (a  utilitarian  use). 
When  of  very  fine  texture  it  can  take  a  high  polish  and  then  it  is  often 
cut  and  polished  and  made  up  into  “jet”  jewelry  (an  ornamental 
function). 

Coming  back  to  the  charcoal  twins,  both  are  artificially  produced 
by  highly  heating  other  carbonaceous  matter  out  of  contact  with  air. 
Animal  charcoal  is  frequently  called  “bone  black”  or  “bone  char,”  even 
when  other  animal  matter  than  green  bones  are  used  in  its  prepara- 
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tion.  When  made  from  bones  alone  it  rarely  contains  over  15  per 
cent,  of  fixed  carbon,  the  rest  being  chiefly  calcium  phosphate  from 
the  mineral  matter  of  the  bones.  If  made  from  other  animal  matter 
it  is  very  rich  in  fixed  carbon,  and  when  finely  divided  forms  a  rich 
black  pigment  that  is  used  in  the  manufacture  of  some  paints  and 
shoe  polishes,  sometimes  being  called  “ivory  black”  or  “drop  black.” 
In  coarser  particles  a  most  important  use  for  animal  charcoal  is  as 
a  decolorizer  for  sugar  solutions,  oils,  and  other  liquids.  Enormous 
quantities  of  it  are  used  by  the  sugar  refiners.  After  it  has  lost  its 
decolorizing  power  it  is  still  useful  as  a  source  of  phosphoric  acid 
compounds  for  use  as  fertilizer,  of  phosphoric  acid  itself  and  of 
phosphorus. 

Wood  Charcoal  is  not  as  common  an  article  of  domestic  use  as  it 
once  was,  as  the  wood  from  which  it  is  made  is  not  nearly  so  plenti¬ 
ful,  but  there  is  still  a  considerable  production  of  wood  charcoal  for 
special  purposes.  In  the  olden  days  it  was  made  by  piling  up  billets 
of  wood  in  immense  mounds,  covering  these  over  with  earth  to  shut 
out  air,  leaving  here  and  there  openings  for  the  admission  of  small 
amounts  of  air,  just  enough  to  permit  of  a  partial  slow  combustion. 
After  the  volatile  matter  had  been  burned  off  or  distilled  off  the  pile 
was  allowed  to  cool,  then  torn  apart  and  the  charcoal  used  for  fuel,  in 
the  manufacture  of  iron  from  iron  ore,  tin  from  tin  ore,  and  for 
various  purposes.  Charcoal  today  is  nearly  all  made  by  heating  wood 
in  retorts  to  drive  off  volatile  matter,  the  volatile  products  refined  to 
get  wood  spirit,  acetic  acid,  wood  tars  and  other  important  products. 
The  residue  in  the  retorts  is  the  charcoal.  If  the  wood  used  in  its 
manufacture  is  a  soft  wood  (willow,  basswood,  or  similar  woods)  the 
charcoal  is  adapted  to  the  manufacture  of  black  and  brown  gunpow¬ 
ders,  as  well  as  for  medicinal  use.  Special  kinds  of  charcoal  are  used 
in  the  making  of  gas  masks,  others  as  absorbents  for  gases  in  indus¬ 
trial  plants,  sometimes  in  the  household  for  absorbing  odorous  gases 
about  the  home,  in  the  refrigerator,  in  sickrooms,  etc.  Freshly  heated 
charcoal  absorbs  large  quantities  of  gases.  It  is  seen  that  the  func¬ 
tion  of  wood  charcoal  is  chiefly  utilitarian,  but  who  has  not  at  times 
admired  charcoal  drawings  in  which  the  charcoal,  if  not  particularly 
handsome  in  itself,  lent  itself  to  the  production  of  something  of  beauty 
in  the  hand  of  a  skilled  artist? 
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Now  we  come  to  Lampblack,  a  member  of  the  Carbon  family 
which  has  a  countenance  “as  black  as  the  ace  of  spades”  and  a  char- 
»  acter  equally  black.  In  fact,  the  ace  of  spades  usually  owes  its  black¬ 
ness  to  lampblack,  for  lampblack  is  the  basis  of  most  printing  inks  as 
well  as  for  most  black  paints.  “Soot”  is  another  name  by  which  it  is 
known,  particularly  when  it  is  produced  by  incomplete  combustion  of 
coal,  oil  or  gas  in  a  stove,  furnace,  or  lamp.  What  else  it  may  be 
called  when  it  alights  on  the  newly  cleansed  “wash”  on  the  line  in  the 
back  yard  on  a  Monday  morning  is  up  to  the  “washlady”  to  say.  It 
might  not  always  sound  well  in  polite  society  or  look  well  in  print. 
Commercially,  lampblack  is  made  from  oils,  greases,  resins,  tars,  and 
natural  gas,  and  in  every  case  represents  a  product  of  the  partial  com¬ 
bustion  of  a  substance,  or  of  substances,  rich  in  carbon  in  combina¬ 
tion.  The  heat  ruptures  the  molecule  and  the  carbon  separates  in 
every  state  of  division.  When  made  from  oils,  greases,  tars  or  resins, 
it  generally  is  contaminated  with  oily  or  other  water-insoluble  mat¬ 
ter,  so  cannot  be  mixed  successfully  with  aqueous  liquids.  That  made 
from  natural  gas  is  very  free  from  such  contamination  and  mixes 
about  as  well  with  water  as  with  other  liquids.  All  varieties  mix  well 
with  oil  of  turpentine,  linseed  oil  and  other  oils,  and  such  mixtures 
constitute  black  paints,  printing  ink,  certain  black  varnishes,  and  sim¬ 
ilar  products.  Lampblack  is  not  affected  by  light,  by  acids  or  alkalies, 
nor  by  bleaching  agents,  hence  anything  made  black  with  this  sub¬ 
stance  is  “black  for  keeps.”  Lampblack  is,  to  say  the  least,  an  un¬ 
lovely  substance  in  itself,  but  lends  itself  to  the  production  of  many 
materials  of  both  decorative  and  utilitarian  value. 

Coke,  the  last  to  be  considered  of  the  Carbon  family,  represents 
usually  the  residue  left  from  the  destructive  distillation  of  bitumi¬ 
nous  coal.  In  the  past  most  of  the  coke  of  commerce  was  made  in 
a  type  of  “oven”  which  permitted  of  saving  only  the  coke;  today 
much  of  it  is  made  in  “byproduct  ovens,”  and  the  volatile  matter 
recovered  for  the  most  part  and  utilized  in  a  multitude  of  ways. 
Coke  is  usually  gray  in  color,  porous,  hard,  clean,  and  burns  with  a 
non-smoky  flame.  Much  of  it  is  used  in  liberating  iron  and  other 
metals  from  their  ores,  some  as  a  domestic  fuel,  some  for  the  manu¬ 
facture  of  so-called  “water  gas,”  some  as  a  distributing  agent  in 
absorption  towers  or  other  apparatus  in  which  gases  are  to  be 
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absorbed  in  liquids,  some  for  electrodes  for  electric  arc  lights, 
electric-furnace  terminals,  electro-chemical  decomposition  cells,  etc. 
Coke  is  the  one  member  of  the  Carbon  family  which  seems  to  have 
no  function  other  than  that  of  being  useful,  so  can  be  considered 
handsome  only  in  the  sense  that  “handsome  is  that  handsome  does.” 

Whether  milady  wears  diamonds  or  jewelry  set  with  jet,  she  is 
wearing  that  which  chemically  differs  but  little,  if  at  all,  from  the 
fuel  she  is  burning  in  the  kitchen  range,  or  from  the  base  of  the  fine 
polish  on  the  outside  surface  of  the  range,  or  that  which  is  the 
valuable  part  of  the  pencil  which  she  uses  to  make  out  orders  for  the 
butcher,  or  that  which  gives  the  black  color  to  her  limousine,  or  that 
which  makes  books  and  magazines  mines  of  information  or  enter¬ 
tainment,  or  that  which  gives  the  fine  black  on  her  husband’s  shoes, 
or  that  which  in  the  microphone  of  the  broadcasting  station  and  the 
receiver  of  her  head-phones  makes  it  possible  for  her  to  enjoy  music 
and  other  entertainment  from  hundreds  of  miles  away. 

Then  here’s  to  the  members  of  the  Carbon  family.  How  well 
they  serve  us,  ministering  alike  to  our  sense  of  the  beautiful  and  our 
appreciation  of  the  useful.  How  could  we  get  along  without  them? 


WHAT  SHALL  I  DRINK? 
Horatio  C.  Wood,  M.  D. 


THE  TENDENCY  of  man  to  mix  “victuals  with  drink”  seems  to 
be  almost  a  biologic  instinct;  from  the  earliest  records  of  history 
in  every  land  and  clime,  various  races  of  peoples  have  sought  to  sup¬ 
plement  their  diet  with  some  sort  of  bev¬ 
erage.  The  earliest  records  of  ancient  Baby¬ 
lon  and  Egypt  show  an  acquaintance  with 
wine;  in  Europe  wine  and  beer  were  the 
popular  drinks  of  early  times ;  in  Asia,  tea, 
and  in  Northern  Africa,  coffee,  have  been 
used  for  many  centuries.  In  Paraguay  the 
Indians  brewed  a  beverage  they  called 
“Mate”  from  the  leaf  of  a  tree  that  grows 
there;  in  Brazil  the  Guarani  Indians  made 
a  drink  from  the  seed  of  a  native  tree;  in 
Florida  the  Indians  prepared  from  the  leaf 
of  a  species  of  holly,  a  beverage  they  called 
“Yaupon” ;  while  the  modern  flapper  tribe  of  North  America  are 
addicted  to  a  drink  they  call  “soda  water.” 

A  custom  so  universal  must  be  based  upon  some  reason  more 
potent  than  whim  or  tradition.  At  first  thought  it  is  difficult  to  see 
any  unifying  relation  between  substances  of  such  diverse  origin,  dif¬ 
ferent  flavor  and  dissimilar  effects.  When  we  examine,  however, 
more  closely  into  the  action  of  these  beverages  we  find  they  have  in 
common  the  power  of  alleviating  the  sense  of  fatigue,  and  I  believe 
in  this  action  we  can  find  a  sufficient  explanation  for  their  employ¬ 
ment. 

The  important  beverages  may  be  divided  into  two  great  classes, 
those  that  contain  alcohol  and  those  that  contain  caffeine.  The  ear¬ 
liest  alcoholic  drinks  were  made  by  the  fermentation  of  juices  of 
fruits,  especially  of  the  grape.  A  little  later  man  learned  to  prepare 
from  cereal  grain  such  drinks  as  beer,  ale,  etc.  The  spirituous 
liquors,  made  by  distillation  of  either  wine  or  malt  liquor,  including 
brandy  and  whiskey,  are  comparatively  recent  introductions.  While 
the  effects  of  wine  and  beer  are  somewhat  modified  by  the  presence 
of  sugars  and  artificially  introduced  flavoring,  such  as  hops,  never- 
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theless  alcohol  is  the  dominating  principle;  whether  it  be  wine, 
whiskey  or  bootleg,  the  chief  poisonous  ingredient  is  alcohol.  We 
read  much  in  the  newspapers  today  of  deaths  from  drinking  various 
illegal  beverages,  and  there  is  a  strong  tendency  to  attribute  these 
deaths  to  some  unnatural  ingredient.  We  forget  that  long  before 
prohibition  days  the  deaths  from  acute  alcoholic  poisoning  far  out¬ 
numbered  those  from  bichloride  of  mercury,  or  opium,  or  carbolic 
acid  or  any  other  poison.  Dr.  Reid  Hunt,  of  Harvard  University, 
has  recently  shown  that  the  most  poisonous  ingredient  present  in 
freshly  distilled  whiskey  or  ‘‘moonshine”  is  alcohol. 

Alcoholic  beverages  are  popularly  referred  to  as  “stimulants,” 
but  strictly  speaking  they  are  not  stimulating.  Alcohol  is  essentially 
a  narcotic,  similar  in  its  general  effects  to  ether  or  chloral.  In  the 
advanced  stage  of  alcoholism  the  drinker  lies  flaccid,  in  a  profound 
comatose  sleep  in  which  it  is  almost  impossible  to  awaken  the  slightest 
evidence  of  consciousness,  the  skin  covered  with  sweat,  and  the  pulse 
soft  and  muscles  flabby;  no  one  would  dream  of  regarding  such  a 
condition  as  an  evidence  of  stimulation.  There  have  been  physiolo¬ 
gists  in  the  past,  however,  who,  while  admitting  that  large  doses  of 
alcohol  are  depressing,  maintained  that  in  small  quantities  the  drug 
acts  as  a  stimulant.  In  support  of  this  view  have  been  quoted  such 
well-known  facts  as  the  increased  fluency  of  the  after-dinner  speaker, 
the  unusual  courage  of  the  timid  man,  or  the  geniality  of  the  reticent. 
None  of  these,  however,  seem  to  me  convincing  evidence  of  exalted 
function.  It  is  not  the  great  talkers  who  are  the  best  thinkers ;  nor 
is  pugnacity  a  sign  of  strength. 

When  we  come  to  actual  scientific  evidence  we  find  an  almost 
universal  agreement  among  present  investigators  that  alcohol  in  any 
dose  sufficient  to  exert  an  effect,  lessens  intellectual  efficiency.  Space 
will  not  permit  the  recital  of  even  a  small  part  of  the  evidence  upon 
this  subject,  most  of  which  is  reviewed  in  the  standard  textbooks  on 
Pharmacology.  I  shall  refer  to  only  one  interesting  observation, 
that  of  Frankfurter,  made  in  1914.  As  a  measure  of  efficiency, 
Frankfurter  utilized,  among  other  experiments,  the  amount  of  matter 
which  he  could  copy  upon  a  typewriter  within  a  given  period  of  time. 
He  found  that  under  the  influence  of  small  amounts  of  alcohol,  corre¬ 
sponding  to  one  or  two  ounces  of  whiskey,  there  was  a  slight  decrease 
in  speed,  amounting  on  an  average  to  some  5  per  cent.,  with  an 
enormous  decrease  in  accuracy;  the  number  of  mistakes  he  made  was 
about  double  those  that  he  made  on  the  non-alcoholic  days.  A  most 
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interesting  and  characteristic  observation  was  that  while  under  the 
influence  of  the  alcohol  he  had  the  feeling  that  he  was  working  with 
extraordinary  rapidity  and  efficiency,  and  it  was  only  when  he  came 
to  count  the  actual  number  of  words  that  he  had  written,  that  he 
was  able  to  free  himself  from  erroneous  conviction  of  a  stimulating 
effect. 

One  of  the  earliest  and  most  characteristic  of  the  alterations 
in  mentality,  brought  about  by  alcohol,  is  this  lessening  of  the  judg¬ 
ment  faculty,  the  ability  to  estimate  correctly  one’s  capabilities  and 
weaknesses.  It  is  this  loss  of  judgment  which  may  beget  foolhardi¬ 
ness  in  the  ordinarily  timid  man,  and  develops  in  an  automobilist  that 
reckless  willingness  to  take  a  chance,  which  makes  the  intoxicated 
driver  such  a  menace  to  the  community.  I  might  call  your  attention 
in  this  connection  to  the  fact  that  this  is  an  early  manifestation  of 
alcoholism;  a  man  is  mentally  incapacitated  for  proper  management 
of  an  automobile  long  before  there  is  any  obvious  evidence  of  intoxi¬ 
cation,  such  as  disturbance  of  equilibrium  or  loss  of  control  of 
speech. 

As  to  the  effects  of  alcohol  on  muscular  power,  there  is  some 
room  for  difference  of  opinion.  All  experimenters  are  agreed  that 
large  quantities  definitely  diminish  muscular  strength;  but  there  is 
considerable  evidence  that  after  small  quantities,  say  half  an  ounce 
of  absolute  alcohol,  there  is  a  temporary  increase  in  the  contractile 
powers  of  the  muscles.  This  increase  seems  to  last  but  a  few  minutes 
and  then  be  followed  by  a  secondary  depression  which  carries  mus¬ 
cular  power  below  the  normal. 

I  have  said  that  the  reason  for  the  use  of  beverages  is  to  remove 
the  sensation  of  fatigue.  Some  of  you  may  be  asking  how  this 
statement  can  be  reconciled  with  the  summary  just  given  of  the  physi¬ 
ological  effects  of  alcohol.  Alcohol  does  not  counteract  fatigue,  it 
does  not  refresh  the  system ;  it  abolishes,  or  lessens,  the  unpleasant 
sensations  of  tire  through  its  narcotic  influences.  It  stupifies,  not 
revives. 


Tea 

Next  to  wine,  probably  the  oldest  beverage  is  tea.  When  we 
talk  of  ancient  civilizations  there  is  likely  to  come  to  our  mind  pic¬ 
tures  of  Tut- Ankh- Amen  lying  in  his  golden  sarcophagus,  or  the  bur¬ 
ied  glories  of  Babylon  and  Damascus,  forgetting  that  there  is  a 
civilization  still  extant,  which  was  contemporaneous  with  that  of  an- 
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cient  Egypt.  More  than  a  thousand  years  before  the  time  of  Tut- 
Ankh-Amen,  there  reigned  in  China  an  emporor  by  the  name  of  Chen 
Nung.  To  Chen  Nung  may  be  accorded  the  credit  of  having  origi¬ 
nated  the  idea  of  a  pharmacopoeia.  Four  thousand  years  ago  he  had 
made  by  the  royal  physician,  a  collection  of  recipes  and  descriptions  of 
the  drugs  which  were  used  at  that  time;  some  of  these  are  still  official. 
To  this  famous  ruler  the  Chinese  also  attribute  the  introduction  of  tea. 
Whether  or  not  this  tradition  be  correct,  it  is  certain  that  the  use  of 
the  beverage  in  Asia  is  of  great  antiquity.  The  famous  philosopher 
and  moralist  of  the  Celestial  Kingdom,  Confucius,  who  lived  in  the 
Sixth  Century,  B.  C.,  says  in  one  of  his  aphorisms :  “Be  courteous  to 
all  even  to  the  stranger  from  other  lands;  if  he  say  unto  thee  that 
he  thirsteth  give  him  a  cup  of  warm  tea.” 

Although  the  use  of  tea  spread  early  into  Japan  and  Korea,  it 
did  not  reach  Europe  until  the  Sixteenth  Century.  After  its  intro¬ 
duction  into  France  and  England  it  did  not  capture  the  popular  fancy 
as  rapidly  as  did  coffee,  which  entered  Europe  about  the  same  time. 
Perhaps  the  reason  for  the  early  lack  of  interest  in  tea  was  the  price. 
During  the  Seventeenth  Century  the  price  of  tea  in  England  ranged 
around  $5  a  pound,  which  when  we  consider  the  comparative  pur¬ 
chasing  power  of  money  of  that  day  and  this,  would  probably  be 
equivalent  to  some  forty  or  fifty  dollars  today. 

After  the  East  India  Company  turned  their  attention  to  the  tea 
trade,  however,  the  price  of  the  leaf  was  brought  down  to  a  reason¬ 
able  figure  and  the  beverage  became  very  popular  in  England.  It  was 
destined  also  to  become  a  substance  of  great  political  importance;  It 
was  this  Chinese  leaf  that  became  the  precipitating  cause  of  the  polit¬ 
ical  freedom  of  a  people  on  the  opposite  side  of  this  terrestrial  globe. 
Old  George  III,  with  an  obstinacy  bordering  on  the  insane,  deaf  to 
the  advice  of  some  of  his  statesmen,  refused  to  recall  the  tea  tax  he 
had  imposed  on  the  western  colonies,  a  tax  which  was  of  no  financial 
importance  to  the  mother  country,  but  one  of  those  matters  of  prin¬ 
ciple  about  which  we  have  always  been  so  pugnacious.  The  first 
overt  act  of  rebellion  was  the  famous  Tea  Party  in  the  Boston 
harbor. 

The  tea  plant  is  a  large  shrub,  a  native  of  China;  when  left  to 
itself  it  grows  to  the  height  sometimes  of  ten  or  fifteen  feet,  but  under 
cultivation  is  usually  trimmed  to  a  bushy  shape  and  not  more  than 
five  or  six  feet  tall.  The  methods  of  curing  the  leaf  vary  greatly 
in  different  parts  of  the  world ;  each  locality  has  its  own  tradition  of 
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the  proper  way  of  preparing  the  leaf.  All  of  these  methods  fall  into 
two  groups,  one  of  which  produces  “black”  and  the  other  “green” 
tea.  In  the  production  of  black  tea,  the  leaves  are  spread  out  in  the 
sun  for  a  few  hours  until  they  begin  to  wilt,  then  collected  into  bags 
and  trampled  upon  to  press  out  some  of  the  sap ;  after  this  they  are 
piled  into  heaps  for  varying  periods  of  time,  generally  about  a  day, 
where  they  undergo  a  sort  of  fermentation.  As  a  result  of  this  fer¬ 
mentation  they  become  dark  in  color  and  lose  much  of  their  tannic 
acid.  After  this  they  are  thoroughly  dried  either  in  the  sun  or  by 
artificial  heat  and  shipped  into  commerce.  In  the  process  for  green 
tea,  the  fermentation  step  is  omitted ;  the  fresh  leaves,  either  with 
or  without  preliminary  drying  in  the  sun,  are  directly  heated  in  a  sort 
of  a  kiln  with  constant  stirring  until  they  reach  a  temperature  too 
hot  for  the  hands  of  the  workers  to  endure.  They  are  then  removed 
and  rubbed  between  the  hands  to  give  them  a  curled,  twisted  shape, 
and  thoroughly  dried. 

Coffee 

The  most  popular  beverage  of  America  is  certainly  coffee. 
Among  drinks  it  is  a  comparatively  modern  habit,  certainly  not  over 
2000  years  old.  In  Arabia,  where  the  use  of  coffee  originated,  there 
are  current  many  legends  about  how  the  drink  came  to  be  known ; 
nearly  all  of  these  legends  attribute  its  introduction  to  some  follower 
of  Mahomet,  and  as  Mahomet  lived  in  the  Seventh  Century,  it  would 
seem  probable  that  the  use  of  coffee  is  less  than  1500  years  old. 

The  first  coffee  house  in  Europe  was  established  in  Constanti¬ 
nople  in  1554,  and  shortly  afterwards  similar  places  were  established 
in  Paris  and  London.  So  rapidly  did  coffee  drinking  take  hold  of  the 
public  taste  that  as  early  as  1675,  Charles  II  of  England  felt  called 
upon  to  forbid  coffee  houses  as  public  nuisances  because  the  frequent¬ 
ers  were  given  to  “seditious  talk  and  slanderous  attacks  on  persons 
of  high  position.”  Perhaps  it  is  because  of  our  inborn  tendency  to 
indulge  in  slanderous  attacks  on  persons  in  high  positions,  that  has 
made  us  the  greatest  coffee  drinkers  on  the  face  of  the  globe.  Not 
only  does  the  United  States,  as  a  nation,  consume  more  coffee  than 
England,  Germany,  France,  Italy  and  Russia  combined,  but  there  is 
scarcely  a  single  country,  with  the  possible  exception  of  Holland, 
where  the  per  capita  consumption  is  as  great  as  in  this  land  of  liberty. 
The  amount  of  coffee  imported  into  the  United  States  per  annum, 
is  equivalent  to  about  ten  pounds  for  every  man,  woman  and  child 
in  the  country. 
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The  Coffea  arabica  is  a  small  tree  bearing  some  superficial  re¬ 
semblance  to  our  common  choke  cherry,  although  not  botanically 
allied  to  it.  A  native  of  northern  Africa,  it  is  now  cultivated  in  many 
sub-tropical  countries  of  the  world.  At  present  about  80  per  cent, 
of  the  world’s  supply  of  coffee  comes  from  Brazil ;  smaller  quanti¬ 
ties  come  from  other  South  American  countries,  from  Java  and  other 
of  the  East  Indies.  Very  little  real  Arabian  coffee  enters  the  United 
States.  In  recent  years  a  related  species,  Coffea  liberica,  has  been  ex¬ 
perimented  with  and  promises  to  become  of  commercial  importance. 

The  fruit  is  a  berry  which  may  be  either  red  or  purplish,  when 
ripe,  and  about  the  size  of  a  small  cherry,  containing  two  seeds  which 
are  the  parts  used  in  preparing  the  beverage.  The  pulp  of  the  fruit 
is  separated  from  the  seeds  by  means  of  large  metal  rollers  provided 
with  knobs.  The  seeds  freed  from  the  pulp  are  washed  and  allowed 
to  soak  in  water  in  order  to  loosen  the  parchment  membrane  which 
still  covers  them.  They  are  then  dried  and  winnowed  and  ready  to 
enter  commerce  as  raw  coffee. 

The  most  important  step  in  the  preparation  of  coffee  is  the  proc¬ 
ess  of  roasting.  During  this  heating  there  is  developed  an  empyreu- 
matic  oil,  to  which  is  due  the  characteristic  flavor  of  the  beverage, 
much  of  the  water  is  evaporated  and  some  of  the  tannin  is  destroyed. 
If  the  roasting  be  too  severe  or  too  long  continued,  some  of  the  aro¬ 
matic  oil,  at  first  formed,  will  volatilize,  and  the  coffee  acquire  a 
bitter  taste;  there  will  also  be  lost  some  of  the  caffeine,  to  which  it 
owes  is  physiological  effects.  If  the  bean  be  not  sufficiently  roasted 
it  lacks  in  aroma  and  contains  too  much  tannic  acid.  The  tendency 
today  is  rather  toward  too  little  than  too  much  roasting;  there  is  a 
great  loss  of  weight  during  the  process  of  roasting,  and  as  both  raw 
and  roasted  coffee  are  bought  and  sold  by  the  pound,  it  is  obvious 
that  there  is  a  strong  temptation  not  to  cook  the  coffee  too  much. 

After  the  roasting,  the  flavoring  principle,  being  volatile,  must 
disappear  more  or  less  rapidly  unless  the  coffee  be  kept  hermetically 
sealed.  This  loss  of  flavor  takes  places  much  more  rapidly  in  ground 
coffee  than  when  the  bean  is  still  whole.  I  am  very  much  inclined  to 
the  opinion  that  the  present  day  habit  of  buying  coffee  ready-ground 
has  robbed  many  a  cup  of  coffee  of  its  proper  aroma. 

Mate,  which  has  recently  been  introduced  into  this  country,  is  a 
beverage  that  has  been  used  for  centuries  by  the  Indians  of  Paraguay. 
It  is  made  from  the  leaves  of  a  species  of  holly,  Ilex  Paragnayensis. 
It  is  interesting  to  note  in  this  connection  that  in  Florida  the  Indians 
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made  a  drink  they  called  “Yaupon”  from  the  Ilex  V omit  or  ia.  Guar- 
ana  is  another  South  American  beverage  made  from  the  seed  of  the 
Paullinia  Cupana.  It  is  named  for  the  tribe  of  Guarani  Indians  among 
whom  it  is  popular.  In  this  country  it  is  used  as  a  drug  rather  than 
a  beverage. 

All  of  these  drinks,  tea,  coffee,  mate,  yaupon  and  Guarana,  de¬ 
pend  for  their  popularity  chiefly  upon  the  presence  of  the  alkaloid 
caffeine.  The  ordinary  cup  of  tea  represents  on  the  average  about 
1.5  grains  of  caffeine,  a  cup  of  coffee  about  2.3  grains. 

Effects  of  Caffeine 

Caffeine  is  a  true  stimulant  both  to  mental  and  muscular  activ¬ 
ity.  The  most  extensive  study  of  its  effects  upon  mental  processes 
is  that  of  Professor  Hollingsworth,  at  that  time  connected  with  Co¬ 
lumbia  University,  which  was  made  in  1912.  During  this  study  he 
had  sixteen  persons  living  under  controlled  conditions  for  a  period  of 
forty  days,  every  day  reporting  to  his  psychological  laboratory  where 
they  were  put  through  all  sorts  of  tests.  On  certain  days  they  would 
be  given  caffeine  in  a  capsule  and  on  other  days  they  would  be  given 
a  capsule  of  similar  appearance  but  containing  starch  instead  of  caf¬ 
feine.  Time  will  not  permit  me  to  describe  in  detail  the  various  tests 
employed,  in  nearly  all  of  which  there  was  distinct  evidence  of  the 
stimulating  effect  from  caffeine  lasting  from  two  to  eight  hours.  An 
interesting  contrast  to  the  effects  of  alcohol  was  shown  in  the  type¬ 
writing  test.  Hollingsworth  found  that  small  doses  of  caffeine — less 
than  three  grains — produced  a  slight  increase  in  the  rapidity  of  type¬ 
writing,  while  large  doses,  five  or  six  grains,  produced  some  slowing 
of  the  work.  The  most  striking  result,  however,  was  that  either  large 
or  small  doses  caused  a  marked  diminution  in  the  number  of  mis¬ 
takes  made,  the  decrease  amounting  to  about  30  per  cent,  on  the 
average. 

Another  important  effect  was  brought  out  in  the  test  was  on 
mathematical  calculation.  In  this  the  subjects  were  given  a  series  of 
numbers  to  which  seventeen  was  to  be  added,  mentally,  as  rapidly 
as  possible ;  the  test  of  efficiency  was  the  time  required  to  do  each 
series  of  problems  correctly.  As  the  day  wore  on  the  solutions  be¬ 
came  gradually  slower,  doubtless  due  to  the  effects  of  fatigue.  If 
caffeine  was  given,  about  an  hour  after  taking  it  there  would  be  a 
marked  increase  in  the  rapidity  with  which  the  additions  were  per¬ 
formed  ;  sometimes  the  problems  would  be  done  even  more  rapidly 


WHAT  SHALL  I  DRINK  ?  163 

than  at  the  beginning  of  the  day.  This  stimulating  effect  would  en¬ 
dure  throughout  the  remainder  of  the  day  (about  five  hours). 

Some  years  ago  I  undertook  a  study  on  the  effects  of  caffeine 
upon  muscular  fatigue,  entirely  apart  from  any  influence  it  might 
have  upon  the  nerve  centers.  The  method  employed  was  to  stimulate 
the  muscle  of  a  frog  at  short  intervals  with  an  electric  current,  until 
it  became  too  exhausted  to  respond.  In  every  instance  the  total 
amount  of  work  done  by  the  muscle  which  had  previously  been  caf- 
feinized  was  greater  than  that  performed  by  a  non-treated  muscle 
from  the  same  animal. 

I  think  the  opinion  of  Professor  Rivers,  although  delivered  in 
1911,  gives  concisely  the  general  consensus  among  pharmacologists 
today.  He  says :  “The  general  practical  conclusions  to  be  drawn 
from  the  experiments  I  have  recorded,  and  from  those  of  previous 
workers,  is  that  caffeine  increases  the  capacity  for  both  muscular 
and  mental  work,  this  stimulation  persisting  for  a  considerable  time 
after  the  substance  has  been  taken,  without  there  being  any  evidence, 
after  moderate  dose,  of  reaction  leading  to  diminished  capacity  for 
work ;  the  substance  thus  really  diminishing  and  not  merely  obscuring 
the  effects  of  fatigue.” 

In  closing,  may  I  say  a  few  words  concerning  the  habitual  use 
of  caffeine  beverages?  In  the  first  place,  it  cannot  be  denied  that 
there  is  a  possibility  of  injurious  effects  from  this  drug,  but  I  think 
the  dangers  of  the  evils  of  caffeine  addiction  are  greatly  over¬ 
estimated  by  a  large  proportion  of  the  medical  profession  as  well 
as  of  the  laity.  This  popular  notion  of  the  harmfulness  of  tea  and 
coffee  is  doubtless  due,  in  large  measure,  to  the  persistent  hammering 
by  the  advertisers  of  certain  substitutes.  I  do  not  believe  that  for 
the  ordinary  healthy  adult,  the  habitual  use  of  either  coffee  or  tea  in 
moderate  quantities  has  any  injurious  effects. 

There  are  certain  individuals  whose  nervous  systems  are  pe¬ 
culiarly  sensitive  to  the  effects  of  caffeine,  in  whom  relatively  small 
doses  produce  an  undesirable  excitation,  and  who  should  therefore 
avoid  these  drinks.  We  find  these  personal  peculiar  susceptibilities 
to  many  drugs  and  foods.  There  are  some  persons  who  cannot  eat 
fish ;  there  are  other  persons  who  cannot  drink  milk,  but  no  one 
would  care  to  deny  the  value  of  milk  and  fish  as  foodstuffs.  There 
is  another  group  of  people  with  delicate  stomachs  whose  digestion 
may  be  deranged  by  the  other  ingredients,  especially  the  tannic  acid, 
in  tea  and  coffee. 
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Of  course,  any  good  thing  can  be  abused.  The  late  Sir  William 
Osier,  when  living  in  the  United  States,  remarked  that  more  Amer¬ 
icans  suffered  from  overeating  than  from  overdrinking  (referring, 
of  course,  to  alcoholic  drinks)  ;  but  the  fact  that  many  people  injure 
themselves  by  eating,  does  not  prove  the  habit  a  pernicious  one. 
Any  fool  can  injure  his  constitution  by  reckless  over-indulgence  in 
coffee,  but  it  is  a  waste  of  breath  to  talk  to  fools. 

There  is  one  possible  danger  in  the  use  of  caffeinic  drugs  by  the 
ordinarily  sensible  person  and  that  is,  that  it  enables  a  person  to  go 
beyond  his  normal  limits  of  endurance,  to  expend  some  of  his  re¬ 
serve  energy.  Caffeine  is  not  a  food,  it  does  not  restore  power  to 
exhausted  nerve  cells.  The  feeling  of  fatigue  is  the  safety  signal 
that  nature  has  provided  in  order  that  we  may  know  when  we  are 
drawing  too  heavily  upon  our  reserve  strength;  caffeine  delays  the 
tinkling  of  the  fatigue  bell  and  encourages  us  to  keep  on  without  the 
proper  amount  of  rest.  It  is  like  the  man  with  money  in  his  pocket ; 
the  mere  fact  that  the  money  is  handy  tempts  the  spendthrift  to 
throw  it  away,  but  the  thoughtful  man  does  not  spend  beyond  his 
means  simply  because  the  money  happens  to  be  in  his  pocket.  Caf¬ 
feine  does  not  injure  the  recuperative  powers  of  the  sensible,  but  it 
does  tempt  the  health-spendthrift  to  lavish  expenditures  of  energy. 
I  believe  that  children,  however,  are  much  more  prone  to  evil  results 
from  this  stimulant  effect.  Not  only  are  their  nervous  systems  more 
sensitive  to  drug  effects,  but  they  are  lacking  in  discretion  in  the  mat¬ 
ter  of  conservation  of  energy  and  are  much  more  liable  than  adults 
to  drive  themselves  to  exhaustion. 


THE  SALT  OF  THE  EARTH 
By  Edward  J.  Hughes,  P.  D. 

THERE  ARE  few  of  the  common  things  of  the  world  that  are  of 
greater  importance  to  us  than  common  salt.  In  these  days  of 
radio  and  jazz  and  Hollywood  and  relativity  our  minds  are  naturally 

occupied  with  the  newer  theories  and  in¬ 
ventions,  but  the  age-old  story  of  salt  still 
holds  a  leading  place  in  the  affairs  of 
mankind.  Little  do  we  realize  what  an 
important  bearing  salt  has  upon  our  every¬ 
day  lives.  Not  only  is  it  found  in  the 
earth  on  which  we  live,  but  it  moves  in 
the  mighty  waters  that  cover  the  earth  and 
in  the  very  blood  of  our  veins.  There  are 
many  reasons  why  everybody  should 
know  more  about  salt,  and  I  shall  ask 
your  kind  indulgence  in  a  very  brief  con¬ 
sideration  of  it  this  evening. 

Salt  has  a  very  ancient  and  a  very  honorable  history.  It  has  been 
essential  to  the  life  of  most  nations  from  a  very  early  stage  of  prog¬ 
ress.  In  olden  times  it  was  one  of  the  greatest  articles  of  commerce 
and  some  of  the  earliest  trade  routes  of  the  world  were  established 
for  its  transportation.  We  do  not  know  when  salt  was  first  used  by 
civilized  peoples,  but  it  is  recorded  that  Emperor  Yu  of  China  ordered 
the  province  of  Shantung  to  supply  the  court  with  salt  nearly  four 
thousand  years  ago.  Thirteen  centuries  before  Christ  the  people  of 
ancient  Troy  were  eating  fish  that  had  been  preserved  in  salt. 
According  to  Herodotus  the  ancient  Egyptians  salted  many  of  their 
foods,  and  used  salt  as  a  preservative  in  preparing  the  bodies  of  their 
illustrious  dead  for  the  process  of  embalming.  For  many  centuries 
in  the  ancient  world  salt  was  regarded  as  a  symbol  of  sanctity  and  as 
an  emblem  of  justice. 

The  religious  significance  of  salt  has  long  been  attached  to  its 
use.  There  are  many  references  to  it  in  the  Bible,  some  of  which 
direct  that  it  shall  be  used  as  an  essential  part  of  sacrificial  offerings. 
We  are  also  told  that  the  Lord  gave  the  kingdom  of  Israel  over  to 
David  and  his  sons  forever  by  a  covenant  of  salt.  The  words  “ye 
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are  the  salt  of  the  earth,”  in  the  Book  of  Matthew,  apparently  allude 
to  persons  that  preserve  from  corruption  and  give  flavor  and  charac¬ 
ter  to  their  neighbors.  Another  reference  to  the  moral  influence  of 
salt  is  found  in  the  words  “Let  your  speech  be  always  with  grace,  sea¬ 
soned  with  salt,  that  ye  may  know  how  ye  ought  to  answer  every 
man.”  The  use  of  salt  for  seasoning  food  is  suggested  in  the  Book 
of  Job,  where  it  is  said,  “can  that  which  is  unsavory  be  eaten  without 
salt,  or  is  there  any  taste  to  the  white  of  an  egg?”  Even  the  preserva¬ 
tive  qualities  of  salt  are  indicated  in  Scripture  where  we  are  told  that 
Elijah  cast  salt  upon  the  waters  and  healed  them  and  said,  “there  shall 
not  be  from  thence  any  more  death  or  barren  land.”  And  nearly 
everybody  has  learned  about  the  transformation  of  Lot’s  wife  into  a 
pillar  of  salt. 

History  records  that  many  peoples  have  been  severely  taxed  by 
the  imposing  of  heavy  duties  upon  salt.  In  some  of  the  oriental  sys¬ 
tems  of  taxation  these  high  imposts  are  frequently  encountered  and  are 
oppressively  carried  out.  The  Chinese  literature  of  the  sixth  century 
also  reveals  various  taxes  that  were  imposed  upon  salt.  The  French 
government  imposed  a  high  duty,  called  the  Gabelle,  just  before  the 
revolution,  and  for  a  while  the  people  of  France  complained  that  they 
had  to  pay  more  for  salt  than  for  any  other  article  of  food.  The  gov¬ 
ernment  of  France  retained  a  monopoly  on  salt  at  the  time  and  not 
only  did  they  fix  the  amount  that  a  family  should  consume,  but  also 
compelled  the  people  to  take  this  amount  and  to  pay  a  very  high  price 
for  it.  On  the  average  the  duty  amounted  to  about  ninety  francs  or 
about  eighteen  dollars  a  year  for  a  family  of  six  persons. 

There  is  an  interesting  connection  of  the  story  of  salt  with  the 
history  of  the  Roman  army.  It  was  the  Roman  soldiers  who  taught 
the  natives  of  Britain  improved  methods  of  extracting  salt  from  the 
Cheshire  deposits  when  they  invaded  the  British  Isles.  For  a  long 
time  an  allowance  of  salt  was  made  by  the  Roman  army  to  both 
officers  and  men.  At  another  time  an  allowance  of  money  was  made 
with  which  to  buy  salt.  In  this  connection  it  may  be  interesting  to 
know  that  our  present  word  “salary”  is  derived  from  the  Latin  word 
“salarium,”  meaning  salt  money,  or  money  paid  to  the  soldiers  for 
salt.  The  very  early  practice  of  using  salt  as  an  article  of  general 
barter  has  been  carried  down  to  recent  times  in  some  of  the  remote 
sections  of  Abyssinia  and  Tibet. 

For  a  long  time  salt  was  regarded  as  an  elemental  substance.  The 
elements  accepted  by  Aristotle  were  earth,  air,  fire  and  water,  together 
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with  a  prime  substance  or  so-called  quintessence.  Later  on  the  alchem¬ 
ists  added  to  these,  or  in  some  cases  even  replaced  them  by,  mercury, 
sulphur  and  salt.  The  alchemistic  writings  with  regard  to  salt  are 
inconsistent  and  at  times  confusing,  but  it  is  apparent  that  they  re¬ 
garded  it  as  representing  earthy  or  salty  properties,  notably  resistance 
toward  fire. 

Origin  of  Salt 

Since  we  are  not  certain  as  to  the  true  source  of  common  salt  the 
best  we  can  do  is  to  speculate  as  to  its  probable  origin.  To  begin  with 
salt  is  found  widely  distributed,  although  in  small  amounts,  in  the 
primary  or  non-stratified  formations  of  the  earth’s  crust.  If  it  is  true 
that  the  earth  was  formed  by  the  gradual  cooling  of  a  molten  mass, 
it  is  reasonable  to  suppose  that  the  primeval  ocean  formed  out  of  an 
atmosphere  of  water  vapor  was  a  fresh-water  ocean.  Then  by  the 
incessant  weathering  and  solution  of  the  rocks  the  salt  has  been 
leached  out  and  has  accumulated  in  the  ocean  from  which  there  is  no 
outlet  for  its  surplus  material,  except  back  into  the  atmosphere  by 
evaporation.  There  are  some  who  believe  that  much  of  the  salt  in 
sea  water  is  actually  produced  there  by  interaction  between  sodium 
sulphate  and  calcium  chloride,  both  of  which  are  carried  into  the 
ocean  by  rivers  on  a  large  scale.  By  an  exchange  of  acid  radicles  the 
calcium  chloride  is  converted  into  the  less  soluble  calcium  sulphate  or 
gypsum  and  the  sodium  sulphate  into  sodium  chloride  or  common 
salt.  At  any  rate  during  the  ages  the  earth’s  surface  has  undergone 
alteration  and  arms  of  the  sea  have  been  cut  off  by  the  land  with  the 
formation  of  isolated  salt  lakes.  The  water  has  evaporated  from 
many  of  these  lakes,  leaving  large  deposits  of  salt  and  other  soluble 
substances.  Some  of  these  deposits  are  found  right  on  the  surface 
of  the  earth  and  others  are  underground,  having  been  covered  by  more 
recent  formations. 

In  other  words,  what  man  is  doing  today  is  isolating  tracts  of 
sea  water  and  separating  the  salt  by  solar  evaporation,  must  have  been 
practiced  by  nature  on  a  large  scale  throughout  all  ages.  The  alter¬ 
nating  layers  of  salt  and  clay  that  are  found  in  some  rock-salt  de¬ 
posits  are  explained  by  the  fact  that  the  clay  represents  the  mud  that 
was  brought  into  the  lake  during  the  rainy  seasons. 

The  immense  salt  deposits  of  Utah  and  Nevada  were  once  the 
beds  of  prehistoric  salt  lakes,  and  so  is  our  famed  Great  Salt  Lake 
the  remains  of  a  large  inland  sea  that  once  covered  that  particular 
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area.  Should  the  climate  become  drier  than  it  is  now  the  shrinkage 
of  the  Great  Salt  Lake,  which  has  been  going  on  for  ages,  will  con¬ 
tinue  until  a  huge  salt  deposit  remains. 

Salt  is  one  of  the  things  with  which  mankind  is  blessed  with  a 
plentiful  supply,  for  it  can  be  found  nearly  everywhere.  Enormous 
deposits  have  been  found  in  England,  Spain,  Stassfurt,  Russia, 
Galicia,  and  in  our  own  States  of  New  York,  Michigan,  Ohio,  Cali¬ 
fornia,  Kansas,  Louisiana,  Texas  and  West  Virginia.  The  richest 
deposits  in  the  world  are  those  in  Russia.  The  most  noted  of  the 
world’s  deposits  is  the  one  at  Weilicza,  in  the  Carpathian  Mountains, 
where  salt  mines  have  been  worked  since  the  eleventh  century.  Here 
is  a  deposit  which  is  said  to  be  500  miles  long,  30  miles  wide  and  1200 
feet  thick,  from  which  is  mined  the  purest  rock  salt  in  the  world. 
“In  these  mines  are  roads,  houses,  churches,  ballrooms,  railway  sta¬ 
tions,  restaurants,  lakes  and  bridges,  all  of  which  constitutes  a  city 
commemorative  of  the  art  and  industry  of  bygone  periods  and  pre¬ 
sents  a  spectacle  that  is  both  weird  and  splendid.” 

The  ocean  is  an  immense  solution  containing  about  3.5  per  cent, 
of  dissolved  solids,  three-fourths  of  which  is  common  salt.  The  great¬ 
est  isolated  body  of  salt  water  is  the  Caspian  Sea.  The  Dead  Sea  and 
the  Great  Salt  Lake  are  well  in  the  foreground,  the  former  having 
the  largest  amount  of  solids  in  solution  and  the  latter  being  the  richest 
in  sodium  chloride.  The  salt  content  of  the  Mediterranean  Sea  is 
about  the  same  as  that  of  the  ocean  to  which  it  is  attached. 

Innumerable  salt  lakes,  salt  springs  and  salt  beds  have  formed 
during  the  ages  and  are  being  worked  for  salt  in  nearly  all  parts  of 
the  world.  The  United  States  is  unusually  rich  in  mineral  resources 
and  especially  so  in  common  salt.  There  is  an  immense  bed  of  salt 
underlying  all  of  central  Kansas  and  extending  into  Texas,  New 
Mexico  and  Oklahoma,  that  is  said  to  have  a  total  area  of  about 
100,000  square  miles.  It  is  generally  agreed  that  200  Gm.  is  the  aver¬ 
age  weight  of  salt  that  is  present  in  the  human  body.  If  this  is  true, 
then  there  are,  at  this  moment,  nearly  400  tons  of  salt  moving  about 
in  the  living  population  of  the  city  of  Philadelphia. 

Hundreds  of  thousands  of  cubic  miles  of  rock  salt  are  known  to 
exist  in  the  crust  of  the  earth  at  the  present  time,  but  this  is  insignifi¬ 
cant  when  compared  with  the  enormous  amount  of  salt  that  is  present 
in  the  ocean.  There  are  nearly  three  pounds  of  salt  in  every  hundred 
pounds  of  sea  water,  and  it  has  been  estimated  in  a  recent  bulletin  of 
the  United  States  Geological  Survey  that  if  all  of  the  saline  matter 
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of  the  ocean  could  be  collected  in  one  solid  block  its  volume  would  be 
4,800,000  cubic  miles  or  enough  to  cover  the  entire  United  States  to 
a  depth  of  a  mile  and  a  half. 

The  oldest  and  simplest  method  of  obtaining  salt  is  to  allow  sea 
water  to  evaporate  from  shallow  ponds  by  exposure  to  the  sun  and 
wind.  This  method  is  practiced  even  today  in  some  of  the  islands  of 
the  West  Indies.  After  drawing  the  ocean  water  into  these  shallow 
basins  the  dry  trade  winds  cause  the  evaporation  of  the  water  and  in 
about  six  weeks  crystals  of  salt  are  obtained  that  are  almost  as  large 
as  hickory  nuts.  In  Central  Europe  salt  has  been  dug  out  of  the 
ground  by  miners  for  hundreds  of  years ;  that  which  comes  from  the 
Weliecka  mines  in  Hungary  is  almost  pure,  being  practically  one  hun¬ 
dred  per  cent,  of  sodium  chloride.  There  are  also  two  of  these  mines 
in  the  State  of  New  York,  where  salt  is  mined  in  the  regular  way  just 
like  coal.  These  mines  are  about  1100  feet  deep  and  the  salt  is  shipped 
from  them  in  its  crude  state. 

Much  of  the  salt  is  obtained  from  these  underground  beds  by 
boring  holes  down  into  the  deposits,  running  water  down  into  the  bor¬ 
ings  and  allowing  it  to  become  saturated,  then  pumping  out  the  brine 
which  is  subsequently  evaporated.  As  the  brine  is  boiled  the  water 
is  driven  off  and  the  salt  is  crystallized  and  deposited.  It  is  then  gen¬ 
erally  taken  to  storehouse  where  it  is  drained  for  a  few  days  and 
finally  dried,  sifted  and  prepared  for  its  different  uses.  Many 
natural  brines  and  salt  springs  in  various  parts  of  the  world  are  made 
to  yield  salt  by  this  simple  process  of  evaporation.  For  many  ages 
the  evaporation  of  the  salt  water,  or  brine,  was  carried  out  in  shallow 
pans  over  a  fire,  but  this  open-pan  method  is  now  being  replaced  by 
very  much  more  efficient  methods  that  involve  the  combined  action 
of  steam  and  reduced  pressure  in  what  are  called  multiple  effect 
evaporators.  It  is  interesting  to  note  in  this  connection  that  the  first 
patent  ever  granted  in  the  United  States  was  awarded  by  the  general 
court  of  Massachusetts  in  1641  to  a  man  named  Samuel  Winslow  for 
a  novel  method  of  extracting  salt.  The  number  of  patents  since 
granted  by  the  United  States  Government  is  rapidly  approaching  two 
million. 

A  considerable  saving  of  time  and  fuel  is  effected  by  concentrat¬ 
ing  weak  brines  through  evaporation  by  natural  means.  In  some 
cases  brine  is  allowed  to  flow  down  over  bundles  of  fagots,  thereby 
hastening  the  evaporation  by  increasing  the  exposed  surface  of  the 
solution,  or  by  pumping  the  brine  repeatedly  over  stacks  of  twigs  that 


I/O 


THE  SALT  OF  THE  EARTH 


are  exposed  to  the  prevailing  winds.  In  Norway,  Siberia  and  Rus¬ 
sia  the  sea  water  is  concentrated  by  freezing  out  a  considerable 
amount  of  the  water  in  the  form  of  ice.  The  more  concentrated  solu¬ 
tion  that  remains  is  then  evaporated  generally  over  a  fire. 

There  are  several  methods  by  which  crude  salt  may  be  purified. 
One  of  these  involves  repeated  crystallization  from  pure  water  and 
another  the  melting  of  the  salt  away  from  its  impurities.  A  chem¬ 
ically  pure  salt  can  be  readily  made  by  adding  strong  muriatic  acid  to  a 
concentrated  brine.  Under  these  conditions  the  pure  salt  immedi¬ 
ately  separates  from  the  solution. 

Properties  of  Salt 

The  word  salt  means  a  great  deal  more  to  the  chemist  than  it  does 
to  the  layman.  He  has  broadened  the  meaning  of  the  term  to  include 
all  those  compounds  that  result  from  the  interaction  between  bases 
and  acids.  The  chemical  name  for  salt  is  sodium  chloride.  In  every 
hundred  pounds  of  ordinary  table  salt  there  are  about  forty  pounds 
of  a  silvery-white  metal  called  sodium  and  about  sixty  pounds  of  a 
greenish-yellow  gas  called  chlorine,  chemically  combined.  The  sepa¬ 
rate  crystals  of  pure  salt  are  in  the  form  of  cubes  that  are  readily  dis¬ 
solved  by  water  and  which  possess  the  familiar  salty  taste.  Water 
will  dissolve  salt  until  there  is  26  per  cent,  of  it  in  solution  when  the 
resulting  brine  is  said  to  be  saturated.  But  salt  dififers  from  most 
other  substances  in  being  almost  equally  soluble  in  both  hot  and  cold 
water.  Advantage  is  taken  of  this  fact  in  purifying  salt  by  recrystal¬ 
lization  from  hot  solutions  in  which  the  impurities  remain  behind  be¬ 
cause  of  their  greater  solubility.  Commercial  salt  takes  up  moisture 
from  the  atmosphere  and  is  said  to  be  hygroscopic  because  of  the 
presence  of  traces  of  calcium  and  magnesium  chlorides,  but  chemically 
pure  salt  does  not  show  this  tendency.  Sometimes  from  one-half  to 
one  per  cent,  of  a  drying  substance  like  starch  or  magnesium  car¬ 
bonate  is  mixed  with  the  salt  to  coat  the  grains  and  thereby  counter¬ 
act  the  moisture-absorbing  tendency  of  these  impurities. 

The  cohesion  of  salt,  or  its  power  to  support  pressure,  is  about 
twice  as  great  as  that  of  bricks  and  practical  advantage  of  this  prop¬ 
erty  is  fully  employed  in  the  salt  mines,  where  galleries  and  roofs  are 
supported  upon  pillars  of  salt.  It  has  also  been  found  that  the  acous¬ 
tic  qualities  of  salt  render  it  an  excellent  medium  for  the  transmission 
of  sound.  The  fact  that  salt  is  more  transparent  to  radiant  heat  than 
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glass  also  gives  it  particular  value  in  making  lenses  and  prisms  for 
conducting  experiments  on  the  infra-red  rays  of  the  spectrum. 

It  is  difficult  to  appreciate  the  industrial  possibilities  and  the  ben¬ 
efits  to  humanity  that  are  tied  up  in  this  familiar  substance.  Both 
the  direct  and  the  indirect  utility  of  salt  and  of  the  materials  that  are 
derived  from  it  are  increasing  with  leaps  and  bounds.  Salt  is  per¬ 
haps  the  oldest  and  the  most  widely  used  preservative*  in  the  world. 
It  is  the  only  mineral  substance  that  is  purposely  and  deliberately 
added  to  our  food.  Other  mineral  salts,  also  quite  essential  as  body 
and  bone  builders,  are  present  in  our  foods  and  are  ingested  uncon¬ 
sciously.  In  addition  to  its  use  in  making  the  staff  of  life,  salt  has  a 
thousand  and  one  other  applications  in  the  practice  of  the  culinary  art. 

Dentists  are  using  salt  to  harden  the  gums,  and  boxers  to  toughen 
their  skin.  It  is  used  in  the  circulating  brines  of  refrigerating 
systems,  because  such  a  liquid  can  be  made  much  colder  than  water 
alone.  This  explains  why  it  is  that  salt  water  lakes  remain  unfrozen, 
while  fresh  water  lakes  exposed  to  the  same  temperature  are  covered 
with  ice.  Enormous  quantities  of  crude  salt  are  used  in  packing  ice 
cream,  since  the  temperature  obtained  from  a  mixture  of  salt  and  ice 
is  considerably  lower  than  that  from  ice  alone. 

Butter  is  salted  not  only  to  render  it  more  palatable,  but  also  to 
add  to  its  preservative  qualities.  One  of  the  important  details  in  the 
manufacture  of  soap  is  the  salting  out  process,  where  common  salt  has 
been  used  to  precipitate  the  soap  from  the  lye  and  the  glycerin.  Salt 
is  used  for  a  variety  of  purposes  in  the  practice  of  medicine,  one  of 
the  most  interesting  of  which  is  in  the  preparation  of  physiological  salt 
solution.  This  solution  contains  salt  nearly  equivalent  to  the  mineral 
content  of  the  blood  serum  and  is  administered  intravenously  to  pa¬ 
tients  that  have  become  weakened  from  a  considerable  loss  of  blood. 
Salt  is  also  our  most  effective  antidote  in  cases  of  poisoning  by  lunar 
caustic. 

A  common  method  of  glazing  pottery  involves  throwing  salt  into 
the  ovens  in  which  the  earthenware  is  being  heated.  The  salt  reacts 
with  the  siliceous  material  in  the  clay  to  form  a  smooth,  glossy  coating, 
which  in  reality  is  a  film  of  soda  glass. 

It  is  the  creative  chemist  who  is  leading  the  way  in  solving  the 
mysteries  of  common  salt.  He  has  already  shown  us  how  to  use  it  in 
the  manufacture  of  some  of  the  most  important  materials  in  our  in¬ 
dustrial  life.  One  of  the  great  pioneers  in  this  field  was  the  French 
chemist  LeBlanc,  who  came  to  the  rescue  of  his  country  in  an  hour 
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of  dire  need  and  originated  a  process  for  making  sodium  carbonate, 
or  washing  soda,  out  of  common  salt.  Since  that  time  immense  quan¬ 
tities  of  washing  soda,  baking  soda,  caustic  soda  and  muriatic  acid 
have  been  prepared  on  a  commercial  scale  out  of  the  salt  of  the  earth. 
The  subsequent  use  of  these  products  in  the  manufacture  of  soap, 
glass  and  bleaching  powder  is  sufficient  to  point  out  the  unusual  im¬ 
portance  of  salt  as  a  raw  material. 

Salt  and  the  Diet 

Salt  is  eliminated  in  all  our  body  secretions,  even  the  tears  being 
more  salty  than  they  are  bitter.  The  average  weight  of  salt  consumed 
by  each  person  is  about  one-half  ounce  a  day.  Only  a  little  more  than 
one-sixth  of  this  amount  is  retained  as  nutritive,  the  rest  of  it 
being  eliminated.  Thus  there  is  a  ceaseless  outpouring  of  salt  from 
animal  life  back  into  the  earth  from  whence  it  came.  It  is  for  this 
reason  that  proposed  drinking  water  containing  an  abnormally  large 
amount  of  chlorides  is  looked  upon  with  suspicion,  unless  the  presence 
of  these  chlorides  can  otherwise  be  explained. 

Nearly  everyone  knows  that  salt  is  essential  to  the  welfare  of  the 
animal  body.  It  has  been  shown  that  animals  wholly  deprived  of  it 
will  weaken  and  eventually  die.  Indeed,  there  are  few  things  more 
distressing  than  the  salt  hunger  that  comes  from  an  insufficient  amount 
of  salt  in  the  nourishment.  One  of  the  chief  functions  of  salt  in  the 
body  is  to  provide  the  proper  concentration  for  the  blood  serum.  It 
seems  that  the  proper  functioning  of  the  body  depends  upon  favor¬ 
able  conditions  of  osmotic  pressure.  In  order  to  maintain  these  con¬ 
ditions  it  is  necessary  to  regulate  the  intake  of  water  and  salt  within 
certain  limits.  The  attempt  on  the  part  of  the  body  to  establish  an 
equilibrium  is  recognized  when  we  recall  that  the  taking  in  of  a  large 
amount  of  salt  causes  intense  thirst  and  on  the  other  hand  the  exces¬ 
sive  drinking  of  water  produces  a  desire  for  salt. 

Some  interesting  views  ,  on  the  theory  of  salt  craving  are  given 
by  Norman  Harrar  in  the  November,  1925,  number  of  the  Journal  of 
Chemical  Education.  There  it  is  explained  that  animals  continually 
ingesting  food  that  is  potentially  basic,  such  as  fruits  and  vegetables, 
will  naturally  crave  a  substance  that  will  supply  strong  acid  ions,  be¬ 
cause  the  body  fluids  function  properly  only  within  a  small  margin 
of  neutrality.  The  addition  of  salt  which  is  neutral  naturally  does 
not  change  the  potential  acidity  or  basicity  of  a  food,  but  it  does  in¬ 
crease  the  concentration  of  the  chloride  ions,  which  is  the  factor  in 
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producing  a  salty  taste.  Experiments  have  shown  that  other  chlo¬ 
rides,  such  as  potassium  chloride,  will  satisfy  salt  hunger  and  in  a 
measure  meet  the  requirements  of  the  animal  organism,  but  sodium 
chloride  is  the  one  whose  taste  is  most  agreeable.  The  ingestion  of 
salt  also  supplies  the  body  with  the  necessary  chlorides  out  of  which 
it  manufactures  and  secretes  hydrochloric  acid  in  the  gastric  juice. 

When  salt  is  removed  from  the  body  by  profuse  sweating,  the 
blood  pressure  is  lowered  and  the  result  is  that  physical  exhaustion 
is  experienced.  By  ingesting  a  small  amount  of  salt  this  loss  can  be 
made  up.  As  a  matter  of  fact  it  has  actually  been  shown  that  workers 
in  hot  coal  mines  and  steel  plants  are  more  able  to  withstand  and  to 
resist  the  high  temperature  to  which  they  are  exposed  after  having  a 
pinch  of  salt  dissolved  in  their  drinking  water. 

A  discussion  of  the  relationship  of  salt  to  the  body  functions 
would  surely  be  incomplete  without  a  consideration  of  its  harmful 
effects.  The  idea  that  the  excessive  ingestion  of  salt  is  harmless  in 
every  case  seems  to  be  a  serious  mistake.  It  is  claimed  that  there  is 
sufficient  salt  in  natural  foodstuffs  to  meet  all  the  requirements  of  the 
body  which  amounts  to  from  thirty  to  sixty  grains,  or  less  than  a  tea¬ 
spoonful,  each  day.  Too  much  salt  has  been  found  to  induce  Bright’s 
disease  by  overtaxing  the  kidneys  and  in  some  cases  it  greatly  aggra¬ 
vates  the  symptoms  of  epilepsy.  Dropsy  is  caused  in  the  great  ma¬ 
jority  of  cases  by  the  accumulation  of  salt  in  the  tissues.  When  the 
kidneys  become  unable  to  eliminate  salt  it  is  pushed  out  into  the  tis¬ 
sues  and,  of  course,  must  be  held  in  solution  by  water.  We  are  told 
that  salt  acts  as  a  distinct  poison  to  those  having  high  blood  pressure 
and  under  such  conditions  it  ought  to  be  eliminated  from  the  diet. 
Dr.  Herman  Borrow  reports  that  the  drinking  of  a  saturated  salt 
solution  is  a  common  mode  of  committing  suicide  in  China,  and  he  states 
that  there  is  none  more  difficult  to  treat.  After  all,  our  taste  for  con¬ 
diments  is  more  acquired  than  natural  and  it  is  apparent  from  what 
has  just  been  stated  that  the  excessive  use  of  salt  as  a  condiment 
ought  to  be  discouraged. 

There  are  certain  tribes  of  people  that  never  eat  salt  with  their 
food.  This  can  be  understood  when  we  realize  that  these  people  live 
mainly  on  milk  and  flesh  consuming  the  latter  raw  or  roasted,  so  that 
its  salts  are  not  lost.  In  his  story  on  “Life  with  the  Eskimo,” 
Stefansson,  the  Arctic  explorer,  relates  that  the  Eskimo  actually  dis¬ 
likes  salt.  He  also  says  that  when  a  group  of  Eskimo  visitors  threat¬ 
ened  to  eat  him  out  of  house  and  home  he  could  add  a  pinch  of  salt 
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to  their  food  and  thus  husband  his  resources  without  seeming  to  lack 
hospitality. 

Whatever  might  be  said  with  regard  to  the  harm  that  salt  can 
accomplish  it  must  still  be  regarded  as  one  of  our  most  effective 
weapons  in  combating  sickness  and  disease.  In  the  preservation  of 
foods  alone  salt  plays  an  important  role  as  a  protector  of  human 
life.  Not  so  very  long  ago  a  number  of  deaths  occurred  as  the 
result  of  eating  certain  brand  of  olives.  These  deaths  were  caused 
by  poisoning  which  resulted  from  the  activities  of  a  deadly  microbe 
called  the  bacillus  botulinus.  It  was  soon  learned  that  when  the 
olives  were  preserved  in  a  brine  containing  six  per  cent,  or  more  of 
sodium  chloride  these  deaths  no  longer  occurred,  because  the  deadly 
organism  is  unable  to  thrive  under  such  conditions. 

Chlorine  and  bleaching  powder  are  both  well  known  and  widely 
used  as  antiseptics  and  disinfectants  and  the  chlorine  has  recently 
been  used  by  inhalation  for  the  prevention  of  colds.  Closely  allied 
to  these  is  the  Carrel-Dakin  solution,  which  is  one  of  the  few  good 
things  that  resulted  from  the  World  War  and  which  has  proved  to 
be  a  real  blessing  to  the  practice  of  antiseptic  surgery.  The  original 
source  of  all  three  of  these  materials  can  be  traced  back  to  the  salt  of 
the  earth. 

There  are  reasons  to  believe  that  salt  is  equally  beneficial  in  the 
sea  where  there  is  probably  far  more  living  matter  than  in  all  the  rest 
of  the  world.  In  the  Child’s  Geology  of  1832  we  are  told  that  “He 
who  formed  the  earth  and  the  sea  knew  that  by  saltness  only  could 
the  ocean  be  kept  sweet  and  that  this  saltness  is  absolutely  necessary 
in  order  to  preserve  the  ocean  from  putrefaction.” 

A  remarkable  relationship  has  been  found  to  exist  between  the 
proportion  of  salts  in  sea  water  and  in  the  blood  of  land  animals. 
While  there  is  a  difference  in  the  degree  of  concentration,  yet  the 
relative  proportion  of  sodium,  magnesium,  calcium,  potassium  and 
chlorine  that  is  present  shows  a  striking  resemblance.  This  had  led 
Sir  William  Bayliss  to  say  that  “when  vertebrates  with  a  closed  cir¬ 
culatory  system  took  to  the  land  they  took  with  them  a  blood  of  the 
same  composition,  as  regards  salt,  as  the  sea  water  which  they  left 
behind.”  In  the  words  of  Prof.  J.  Arthur  Thompson,  “The  composi¬ 
tion  of  our  blood  is  a  tell-tale  relic.” 

Salt  Draws  the  Color  Line 

In  speaking  of  the  significance  of  common  salt  a  recent  investi¬ 
gator  states  that  one’s  color  is  dependent  upon  salt.  He  declares  that 
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the  chances  are  that  your  complexion  is  fair  because  your  ancestors 
ate  a  great  deal  of  salt.  In  Northern  Europe,  for  example,  where 
there  has  always  been  an  unlimited  supply  of  salt,  the  inhabitants  are 
white.  In  China,  Greenland,  Korea  and  India,  where  salt  is  obtain¬ 
able,  but  rather  expensive,  the  color  is  yellow.  On  the  plains  of 
America  and  on  the  Malay  Peninsula  where  the  lack  of  good  trans¬ 
portation  makes  salt  difficult  to  get,  man  is  brown ;  and  in  West  and 
Central  Africa,  in  many  sections  of  which  salt  is  actually  unknown, 
man  is  black. 

The  world’s  production  of  salt  in  1920  was  nearly  19,000,000 
tons.  In  1923  the  United  States  alone  produced  7,130,713  short  tons 
of  salt,  valued  at  $27,795,441.  New  York  ranked  first  among  the 
salt-producing  states,  with  Michigan  second  and  Ohio  third.  A  con¬ 
siderable  amount  of  the  salt  from  the  two  leading  States  is  in  the 
form  of  brine  which  is  directly  used  in  the  alkali  industry.  In  1924 
there  was  a  decrease  in  our  national  salt  production,  amounting  to 
about  five  per  cent. 

We  speak  of  common  salt,  but  there  are  some  things  very  un¬ 
common  about  this  substance  which  has,  throughout  the  ages,  been 
regarded  as  a  gift  of  the  gods,  a  symbol  of  fidelity,  a  means  of  op¬ 
pression  and  even  a  cause  for  waging  war.  The  endless  ways  in 
which  the  story  of  salt  intersects  that  of  human  life,  and  the  marvel¬ 
lous  things  that  are  being  accomplished  with  salt  for  the  comfort  and 
the  progress  of  mankind  cannot  help  but  increase  our  respect  for  this 
lowly  substance  that  we  call  “the  salt  of  the  earth.” 


ABNORMAL  PLANT  GROWTHS  (GALLS)' 

By  Marin  S.  Dunn,  Ph.  D. 

Assistant  Professor  of  Botany,  Philadelphia  College  of 
Pharmacy  and  Science 

GALLS  are  abnormal  growths  produced  in  plants  by  plant  and  ani¬ 
mal  parasites.  They  have  been  known  to  man  for  centuries  and 
many  curious  theories  have  in  the  past  been  advanced  concerning 

their  origin.  Malpighi  in  the  seventeenth 
century  is  said  to  have  been  the  first  ob¬ 
server  to  discover  that  galls  develop 
from  plant  parts  pierced  by  insects,  and 
he  thought  that  the  insects  inject  a  sub¬ 
stance  into  plant  tissue  that  causes  a  swell¬ 
ing.  There  are  thousands  of  different 
kinds  of  galls  (Fig.  i),  all  presenting 
their  own  fascinating  problems.  One 
does  not  have  to  be  a  trained  scientist  to 
note  with  interest  these  plant  swellings 
as  they  are  numerous  through  our  woods, 
along  our  streams  and  in  our  meadows  and  fields.  Many  of  them  are 
striking  because  of  their  shape,  size,  and  color  and  texture.  Some 
are  so  easily  breakable  that  they  may  be  crumpled  between  the  fin¬ 
gers,  while  others  are  only  penetrated  by  the  sharpest  knife.  They 
may  range  from  smooth  surfaces  to  wrinkled  or  hairy  ones,  or  may 
be  covered  with  spines.  The  colors  vary — green,  brown,  red,  yellow, 
etc.  Yet  in  spite  of  their  abundance,  there  is  relatively  little  known 
concerning  them.  It  is  the  purpose  of  this  article  to  touch  briefly  upon 
some  of  the  interesting  phases  of  the  gall  problem. 

The  gall,  no  matter  what  its  shape  may  be  is  in  reality  a  modifi¬ 
cation  structurally  of  some  tissue  or  organs  of  the  host  owing  to 
another  organism.  The  abnormal  growth  is  commonly  produced 
either  through  the  enlargement  of  the  already  existing  cells  of  the 
infected  tissue  (hypertrophy),  or  by  the  formation  of  new  cells 
(hyperplasy),  or  both  (Fig.  2).  It  is  important  to  note  that  “often 
gall  tissues  remain  in  a  condition  more  primitive  than  that  of  unin¬ 
fected  tissues,  the  primordia  of  wood  and  bast,  for  example,  often 
remain  parenchymatous  instead  of  developing  into  complex  tissues.”  4 

(176) 


ABNORMAL  PLANT  GROWTHS 


1 77 


Generally,  food  materials  are  stored  in  the  galls,  in  nutritive  lay¬ 
ers,  and  this  supply  may  later  be  used  by  the  parasite  for  growth. 
Sometimes  these  nutritive  layers  are  very  definitely  formed  as  in  the 
case  of  members  of  a  certain  group  of  insects  (Cynipidae),  in  which 
the  larval  chamber  may  be  surrounded  by  an  inner  protein  and  an 


Fig.  1 

SOME  GALLS  FOUND  ON  OAK  LEAVES 

(From  Field  Book  of  Insects. — Lutz.) 

Andricus  piger  (Fig.  i),  under  side  of  midrib;  Cynips  prinoides  (Fig.  2), 
shiny,  single  celled,  under  side  of  leaf;  Cynips  pisnm  (Fig.  3),  surface  finely 
netted,  two  cavities;  Acraspis  erinacei  (Fig.  4),  spines  red  when  young;  Dryo- 
phanta  polita  (Fig.  5),  sometimes  grows  singly;  Neuroterus  floccosus  (Fig.  6), 
with  white  hairs,  under  side  of  leaf;  N.  umbilicatns  (Fig.  7)),  small  nipple  in 
deep,  central  depression,  under  side  of  leaf;  Cincticomia  pilules  (Fig.  8),  upper 
side  of  leaf;  Cecidomyia  poeulum  (Fig.  9),  pale  red  to  light  lavender,  under 
side  of  leaf;  Cecidomyia  niveipila  (Fig.  12),  fold  lined  with  white  pubescence. 
Cynips  decidua  makes  galls  about  the  size  of  wheat-grains  on  the  under  side  of 
midrib,  often  30  on  a  leaf. 
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outer  carbohydrate  layer  (Fig.  3).  In  the  same  type  of  galls,  interest¬ 
ing  mechanical  tissue  is  often  developed  around  the  food-storing 
areas.  Tannins  and  resins  are  very  common  among  galls. 

Since  galls  may  be  due  to  either  plant  or  animal  parasites,  it  has 
been  thought  advisable  to  discuss  briefly  the  subject  according  to  the 
following  outline : 

Animals  Producing  Galls. 

Class  Nematoda. 

Class  Insecta. 

Order  Hemiptera — the  aphids,  etc. 

Order  Lepidoptera — moths  and  butterflies. 

Order  Coleoptera — beetles. 

Order  Diptera — flies. 

Order  Hymenoptera — sawflies,  gallflies. 

Class  Arachnida. 

Order  Acarina — mites  and  ticks. 


e 

h 

f 
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A  cross-section  through  the  edge  of  a  leaf  gall  of  Viburnum  Lantana,  show¬ 
ing  striking  hyperplasy  and  hypertrophy;  p,  the  palisade  cells  of  the  uninfected 
portion;  p1,  the  corresponding  cells  of  the  infected  portion;  f,  the  sponge  cells 
of  the  uninfected  portion ;  f 1,  the  corresponding  cells  of  the  infected  portion ; 
e,  epidermis;  h,  epidermal  hair;  considerably  magnified. — From  Kuster. 


ABNORMAL  PLANT  GROWTHS 


179 


Plants  Producing  Galls. 

Sub-Division  Fungi. 

Class  Myxomycetes — the  slime  molds. 


Cross-sections  of  galls,  showing  anatomical  features :  a,  a  solid  cynipid  gall 
from  an  oak  twig,  cut  in  half ;  note  the  radiating  lines  of  tissue,  and  the  central 
larval  chamber ;  b,  a  section  of  an  oak  gall ;  e,  epidermis ;  0,  cortex,  the  grains 
representing  plastids  (choloroplasts  above  and  leucoplasts  with  prominent  starch 
grains  below);  s,  protective  layer  of  sclerenchymatous  cells;  f,  f  \  nutritive 
layers  adjoining  the  larval  chamber,  f  being  a  layer  rich  in  start,  and  f1  a  layer 
whose  cells  are  rich  in  proteins  and  prominently  nucleated ;  c,  part  of  the  nutri¬ 
tive  tissue  of  the  gall  of  Nematus  gallorum ;  note  the  resemblance  to  the  tissues 
in  an  intumescense ;  d,  isolated  nutritive  hairs  of  a  Cephaloneon  gall  from  a 
maple  (Acer)  ;  b.  d.,  highly  magnified. — a,  after  Kerner;  b,  after  Locaze- 
Duthiers  ;  c,  d,  after  Kuster. 
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Class  Schizomycetes — the  bacteria. 

Class  Phycomycetes — the  water  molds. 

Class  Ascomycetes — the  ascus  fungi. 

Class  Basidiomycetes — the  smuts,  rusts,  etc. 

Various  algae  such  as  Cystoseira  sp.  and  Ectocarpus  Valiantei 
are  known  to  live  a  parasitic  existence  and  cause  tissue  excres¬ 
cences.  Higher  parasites  such  as  certain  Loranthaceace  produce  large 
galls.8  It  is  not  the  intention  of  this  paper  to  do  more  than  mention 
them  in  passing. 

Animals  Producing  Galls 
Class  Nematoda 

Nematodes  are  round  worms.  There  is  an  alimentary  canal  with 
a  mouth  opening  at  the  anterior  end  and  an  anal  opening  near  the 
opposite  end  on  the  under  side.  To  this  class  belong  the  Anguillula 
or  Eel-worms,  which  are  destructive  to  various  plants.  They  are  mi¬ 
nute,  thin-skinnned  and  look  like  miniature  eels.  The  larvae  suck  the 
juices  from  young  roots  and  bore  into  them,  eventually  producing 
galls.  The  following  is  taken  from  Connold  2  to  illustrate  the  group : 
“Kuhn’s  investigations  have  supplied  many  details  concerning  the 
species  Heterodera  schachtii,  which  affects  the  beetroot.  The  5 
may  be  found  attached  to  the  rootlets  of  the  beet.  At  a  certain  stage 
of  growth  she  becomes  distended  into  the  shape  of  a  lemon,  which 
causes  her  death.  The  skin  is  then  a  mere  sac,  which  may  contain  as 
many  as  400  ova.  The  larvae  emerge  from  the  majority  of  these  within 
the  sac,  but,  owing  to  the  pressure  from  within,  it  ultimately 
ruptures,  and  the  larvae  are  liberated ;  they  at  once  commence  to  attack 
the  rootlets  around  them,  and  cause  the  formation  of  gall-growths.” 

But  nematode  galls  are  not  confined  to  roots  alone.  Tylenchus 
dipsaci  Kiihn  has  been  studied  by  Godfrey  and  McKay  7  on  the  wild 
strawberry.  They  find  that  swellings  occur  on  leaves,  stolons  and 
flower  pedicels  and  even  in  the  flowers  and  fruits. 

Class  Insecta 

There  are  thousands  of  different  galls  produced  by  insects — 
remarkable  in  their  endless  variety  of  appearance  and  structure.  Gen¬ 
erally,  the  eggs  of  the  insects  are  laid  in  some  characteristic  part  of 
the  plant  and  the  insect  spends  some  of  its  life  within  the  plant,  the 
larvae  feeding  upon  the  plant  cells  or  their  contents. 
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Hemiptera. — The  galls  produced  by  certain  Hemiptera,  for  ex¬ 
ample  the  aphids  or  plant  lice,  are  characterized  according  to  Cosens  3 
by  a  folding  and  wrinkling  of  the  leaf  when  they  appear  upon  it.  This 
is  occasioned  by  a  one-sided  stimulation.  There  is  not  much  tendency 
to  produce  hairs,  and  the  tissues  of  the  galls  show  as  a  rule  but  little 
differentiation.  Among  the  host  plants  are  Populus  balsamifera  L., 
Hamamelis  virginiana  L.,  Betula  lenta  L.,  and  Picea  abies  (L.)  Karst. 

Lepidoptera. — The  galls  are  of  simple  type,  showing  as  a  rule 
proliferation  in  the  tissues,  but  very  little  differentiation.  The  pro¬ 
vision  made  by  the  larva  to  allow  the  moth  to  leave  the  gall  is  in  many 
cases  most  interesting.  To  quote  from  the  excellent  work  of  Cosens  :3 
“In  Stagmatophora  ceanothiella  Cosens  and  Eucosma  scudderiana 
Clemens  the  gall  wall  is  simply  gnawn  partly  through,  while  in  the 
Gnorimoschema  genus  an  aperture  of  exit  is  carefully  prepared  and 
plugged.  These  different  methods  of  procedure  are  remarkably  suited 
to  the  habits  of  the  insects.  In  the  former  a  plugged  exit  would  not 
be  suitable  as  the  insect  winters  in  the  larval  condition  and  the  drying 
of  the  gall  would  prevent  the  plug  from  slipping  out  easily.  In  the 
latter  the  galls  are  still  green  when  the  insect  becomes  mature,  and 
the  plug  mechanism  is  preferable.” 

Coleoptera. — There  is  fine  field  here  for  investigation,  as  our 
knowledge  of  coleopterous  galls  is  not  far  advanced.  The  Weevil 
family,  according  to  Connold,2  embraces  almost  all  the  gall-makers. 
The  galls  are  not  very  large,  it  is  said.  Eggs  are  deposited  not  only 
in  the  roots  but  in  the  stem,  flower-heads,  etc.,  as  well. 

Diptera. — The  galls  here  vary  greatly  in  degree  of  complexity. 
Some  like  Cecidomyia  ocellaris  O.  S.  are  simple,  others  are  as  complex 
as  certain  Cynipids  galls.  In  some  cases,  abundant  production  of 
glands  is  evident.  In  Cecidomyia  triticoides  O.  S.  there  is  a  zone 
whose  cells  contain  crystals  of  calcium  oxalate.  The  formation  of 
aeriferous  tissue  is  noteworthy.  Among  the  hosts  of  this  group  are 
Impatiens  biflora  Walt.,  Eupatorium  perfoliatnm  L.,  Salix  cordata 
Muhl.,  Solidago  canadensis  L.,  etc. 

Hymenoptera. — Among  the  sawflies,  there  is  not  much  differen¬ 
tiation  although  a  large  amount  of  proliferation  is  found.  The  pith 
of  the  bundle  is  said  to  produce  almost  the  whole  mass  of  the  gall 
when  its  place  of  origin  is  the  midrib  of  the  leaf.  Cosens  has  found 
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lenticels  on  the  galls  of  Pontania  pisum  Walsh.  Tannin  in  certain 
species  is  found  in  the  epidermis  and  underlying  tissue,  but  decreases 
as  the  larva  is  neared.  In  the  Cynipidce ,  or  gallflies,  there  are  usually 
four  zones  developed  (Fig.  3),  but  occasionally  the  fourth  is  absent. 
The  three  are  the  epidermal,  the  parenchyma  and  the  nutritive.  A 
protective  or  sclerenchyma  zone  is  generally  present.  There  may  even 
be  a  great  variation  in  the  degree  of  complexity  of  this  protective 
zone  with  a  genus.  In  Rhodites  gracilis  Ashm.  it  is  absent,  but  two 
layers  are  said  to  be  present  in  R.  ignotus  O.  S. 

Many  cynipoid  galls  are  found  upon  the  oak.  One  or  more  lar¬ 
vae  may  develop  within  the  gall  depending  upon  its  kind.  “The  full 
development  of  none  of  the  American  gall-making  Cynipoids  has 
been  studied  with  the  care  which  this  subject  should  have  and  doubt¬ 
less  there  are  many  interesting  and  important  facts  yet  to  be  discov¬ 
ered.  ”  (Howard.)9  We  know  that  there  are  guest  gallflies  which 
look  like  the  true  gallflies,  their  larvae  living  upon  the  plant  growth 
produced  by  the  true  gallflies.  Each  gallfly  infects  its  own  particular 
kind  and  part  of  a  host  plant,  and  the  galls  produced  by  a  species  upon 
a  plant  are  so  uniform  that  very  often  the  causative  insect  may  be 
deduced  from  the  appearance  of  the  gall. 

Order  Acarina 

Here  belong  the  mites  and  ticks — minute  arachnids  having  eight 
legs.  The  stimulative  effect  here  may  either  be  localized  in  the  epi¬ 
dermis  or  extend  throughout  the  mesophyll  of  the  leaf.  There  is  a 
curving  and  folding  of  the  epidermal  layer  and  often  the  production 
of  various  hairs.  The  mesophyll  in  case  it  be  affected  becomes  a 
compact  mass  of  uniform  cells — palisade  and  spongy  parenchyma  no 
longer  being  distinguishable.  Some  of  the  host  plants  are  Prunus 
serotina  Ehrh.,  Prunus  nigra  Ait.,  Populus  tremuloides  Michx.,  Acer 
negundo  L.,  Fagus  grandifolia  Ehrh.  and  Quercus  macro  car  pa  Michx. 

Plants  Producing  Galls 

It  has  been  thought  suitable  to  describe  briefly  a  typical  gall  be¬ 
longing  to  each  class  of  gall-making  fungi  as  an  example  of  that  class. 
It  must  be  remembered  of  course  that  fungi  are  devoid  of  chlorophyll 
and  that  many  pass  through  complicated  life  histories. 
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Class  Schizomycetes 

Example:  Crown  Gall  of  Apple,  Peach,  etc. 

This  is  caused  on  various  Rosacea  by  Pseudomonas  tumefaciens 
Erw.  Smith  and  Townsend. 

The  organism  is  a  short  rod  moving  by  means  of  one  to  three 
lash-like  structures-flagella.  The  galls  differ  on  different  hosts  only 
slightly  in  form  and  appearance.  They  develop  in  the  region  of  the 
collar  of  the  host,  near  the  surface  of  the  soil  as  a  rule  (Fig.  4).  The 
gall  is  generally  an  annual  growth.  The  swollen  areas  are  at  first 
translucent,  but  later  become  brown  and  warty.  Near  the  end  of  the 
season,  disintegration  takes  place.  “Young  galls  may,  however,  spring 


Fig.  4 

CROWN  GALL  OF  PEACH 

(From  Fungous  Diseases  of  Plants. — Duggar.) 


from  the  collar  or  roots  near  the  margin  of  the  gall  previously  formed, 
and  thus  the  wounds  and  injurious  effects  are  intensified  from  year 
to  year.”  (Duggar.)5  Death  of  parts  of  the  plants  above  the  infected 
area  gradually  occurs  owing  to  the  effects  of  the  bacteria  upon  the 
conducting  tissue  of  the  host. 

Class  Myxomycetes 

Example:  Club  Root  of  Cabbage  and  other  crucifers. 

This  is  caused  by  a  slime  mold,  Plasmodiophora  brassicce  Wor. 
This  is  the  famous  fingers  and  toes  of  Europe.  In  the  United 
States,  the  Northeastern  States  have  felt  its  effect.  Seedling  host 
plants  are  small  and  gradually  die.  The  parasite  gains  entrance  to 
the  parenchyma  of  the  roots  and  there  sets  up  abnormal  growth, 
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which  results  in  the  characteristic  nodular  swellings  or  masses  of 
knotty  areas  to  the  irregular  finger-like  swellings  in  the  cabbage. 
Among  the  hosts,  we  find  the  cabbage,  the  cauliflower,  the  turnip,  the 
rutabaga,  etc.  A  complete  outline  of  the  life  history  as  we  know  it, 
would  be  out  of  place  here.  A  true  plasmodial  stage  is  apparently 
found  just  preceding  spore  formation.  For  a  fuller  account  of  the 
history  of  this  organism,  the  reader  is  referred  to  Duggar,5  Harsh- 
berger.8  It  has  been  found  that  liming  is  useful  in  preventing  this 
disease. 

Class  Phycomycetes 

Example :  Cranberry  Gall. 

Small  reddish  galls  are  produced  upon  various  infected  parts  of 
the  cranberry  plant  in  numbers  by  Synchytrium  Vaccinii  Thomas. 
The  body  of  the  fungus  is  a  cell  which  produces  later  a  great  number 
of  swarm  spores  which  are  dependent  upon  moisture  for  their  distri¬ 
bution. 


Class  Ascomycetes 

Example:  Witches’  Broom  of  the  Cherry;  Black  Knot  of  Plums 
and  Cherries. 

The  mycelium  or  fungous  body  of  Exoascus  Cerasi  Fuckel  at¬ 
tacks  the  branches  of  the  Prunus  avium  and  Pr.  Cerasus  in  Europe, 
causing  by  its  stimulation  the  formation  of  a  great  number  of  twigs 
giving  the  appearance  of  a  broom.  The  leaves  also  show  the  results  of 
fungal  infection  as  they  become  wrinkled.  Asci  develop  upon  the 
leaves.  The  brooms  are  usually  sterile. 

Another  common  Ascomycete  gall  is  the  black  knot  of  plums  and 
cherries  (Fig.  5),  which  is  caused  by  Plowrightia  morbosa.  It  is 
known  to  extend  across  the  northern  portion  of  United  States.  The 
disease,  as  the  name  indicates,  is  characterized  by  knotty  black  hyper¬ 
trophies  which  form  usually  on  one  side  of  the  stem  or  branch.  Let 
me  quote  from  Duggar : 5  “The  first  appearance  of  the  knot  is  usually 
noted  in  the  spring,  although  it  has  also  been  observed  to  make  its 
appearance  in  the  fall  (Humphrey).  At  first  it  consists  of  a  slight 
swelling  of  the  branch,  originating  upon  any  portion  whatever,  but 
generally  on  that  portion  of  a  limb  bearing  a  side  branch.  It  may 
arise  independently,  or  near  an  old  knot.  As  the  swelling  increases  in 
size  the  bark  is  broken  and  the  stroma  of  the  fungus  then  becomes 
evident.  By  midsummer  the  knot  will  have  attained  full  size,  and 
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•from  that  time  until  the  winter,  or  as  long  as  the  remnants  of  the 
knot  may  persist,  it  will  be  deep  black  and  carbonaceous  in  texture.” 
The  knot  is  composed  of  areas  of  fungus  and  a  heterogeneous  mixture 
of  tissue  elements  of  the  host. 

Class  Basidiomycetes 
Example :  Cedar  Apples. 

Cedar  apples  are  swellings  produced  on  the  leaves  of  the  red 
cedar  by  Gymnosporangium  juniperi-virginiance .  This  fungus  has  two 


Fig.  5 

BLACK  KNOT  OF  PLUM  (After  Longyear) 

(From  Fugous  Diseases  of  Plants. — Duggar.) 


hosts.  Part  of  its  life  history  (the  cluster  cup  period)  is  spent  on 
our  native  species  of  apples.  Spores  are  produced  in  large  numbers 
on  the  apple  during  the  summer,  and  the  red  cedar  is  infected  by  them. 
The  following  spring,  the  cedar  apple  is  developed  from  the  paren¬ 
chyma  of  the  red  cedar  leaf.  Other  spores  that  are  produced  by  the 
cedar  apple  about  May  are  indirectly  responsible  for  the  infection  of 
the  apple.  Unhappily,  the  damage  done  by  this  fungus  is  to  the  apple 
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fruit  and  leaves  and  not  the  red  cedar.  The  destruction  of  red  cedar 
trees  has  been  advanced  as  a  feasible  method  of  prevention  of  this 
disease. 

It  thus  appears  in  general  that  gall  formations  are  not  an  ad¬ 
vantage  to  the  host  plant  since  food  and  energy  are  required  for  their 
construction.  Also,  of  course,  the  parasite  may  introduce  harmful 
substances  into  the  part  of  the  host  it  infects  and  may  produce  ill- 
health  or  even  death,  local  or  general.  The  removal  of  food  materials 
from  the  host  is  another  factor  that  must  be  recognized  since  partial 
or  complete  starvation  may  result.  However,  in  the  case  of  certain 
root  tubercles,  the  galls  may  be  of  great  advantage  to  the  host  in  rela¬ 
tion  to  a  nitrogen  supply. 

Man,  of  course,  is  directly  affected  by  the  infection  of  his  eco¬ 
nomic  and  ornamental  plants.  The  problem  brought  to  us  by  such 
forms  as  have  briefly  been  mentioned  (Crown  Gall,  Club  Root,  etc.) 
is  a  direct  one.  It  requires  a  diligent  search  and  thorough  study  of  all 
those  parasites  related  to  our  economic  happiness. 

On  the  other  hand,  certain  galls  have  been  found  of  benefit  to 
man.  Some  contain  a  large  amount  of  tannin  and  are  hence  of  com¬ 
mercial  value.  The  Nutgall  formed  upon  the  young  twigs  of  Quercus 
infectoria  Olivier  and  other  allied  species  of  Quercus  is  official  in 
the  U.  S.  P.  X.14  The  following  description  is  taken  from  the  U.  S. 
P.  X  of  the  unground  Nutgall — “Nearly  globular,  from  0.8  to  2.5 
cm.  in  diameter,  heavy,  mostly  sinking  in  water ;  externally  dark  olive- 
green  to  dark  grayish,  tuberculated  on  upper  portion;  basal  portion 
smooth  and  contracted  into  a  short  stalk;  fracture  short,  horny;  in¬ 
ternally  grayish  to  dark  brown,  with  a  central  slightly  radiate  portion ; 
occasionally  with  a  central  cavity  connected  by  a  narrow,  radial  canal 
to  the  external  surface;  odor  slight;  taste  strongly  and  persistently 
astringent.”  Before  the  insect  matures,  the  galls  are  collected.  One 
of  the  principal  sources  is  from  Aleppo  in  Turkey  in  Asia. 

Other  galls  have  also  been  employed.  Chinese  galls  used  by  the 
Chinese  in  dyeing  and  in  medicine  for  instance  are  yielded  by  Rhus 
semialata  Murray,  and  they  have  been  found  to  possess  a  high  percent¬ 
age  of  tannic  acid.  Since  they  contain  less  coloring  matter  than  the 
oak  gall  used,  they  are  of  value  in  the  manufacturing  of  gallic  acid. 
They  are  more  or  less  irregular  in  shape,  being  greyish-brown,  hairy 
and  light  in  weight.  Certain  American  galls  might  here  be  mentioned. 
For  example,  the  galls  on  the  Quercus  coccinea  Muench  and  Quercus 
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imbricaria  Michx.  by  Cynips  aciculata  resemble  the  Aleppo  variety. 
When  fresh,  they  are  globular  1.5  to  3  cm.  in  diameter  and  of  a  yel¬ 
lowish  mottled  color. 

Another  group  of  galls  that  are  of  service  to  man  are  the  nodules 
of  leguminous  plants  (Fig.  6).  Hellriegel  and  Wilfarth,  as  a  result  of 
a  series  of  careful  experiments  found  that  the  root  tubercles  are  di¬ 
rectly  instrumental  in  the  assimilation  of  the  nitrogen  of  the  air  by 
leguminous  plants.  The  nodule  bacteria  in  the  case  of  the  legume 
enter  into  the  root  hairs,  and  finally  find  their  way  into  the  paren- 


Fig.  6 

ROOT  SYSTEM  OF  PEA  PLANT,  WITH  TUBERCLES 

(From  Palladin’s  Plant  Physiology.) 

chyma  of  the  root.  Cell  division  of  the  parenchyma  occurs  at  the 
same  time,  which  results  in  a  swelling  and  in  the  formation  of  a  tu¬ 
bercle.  The  bacteria,  which  were  at  first  surrounded  by  a  sheath  enter 
the  cell  sap,  where  they  grow  and  branch  becoming  bacterioids.  These 
finally  yield  soluble  nitrogenous  substances  to  the  host  plant  through 
the  breaking  down  of  their  bodies.  Thus  leguminous  crops  ploughed 
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under  enrich  the  soil  by  their  decay  and  furnish  nitrogenous  material 
to  the  crop  of  the  following  season. 

The  problem  of  galls  as  a  form  of  abnormal  plant  growth  is  a  vast 
one  and  offers  unlimited  field  for  experimentation.  Dr.  Erwin  F.  Smith 
has  investigated  tumor-like  growths  known  as  Crown  Gall,  extensively. 
In  one  paper  upon  the  subject,13  he  says:  “No  claim  is  made  that  the 
organisms  which  we  have  isolated,  and  with  which  we  can  produce 
these  plant  tumors  at  will,  are  the  cause  of  human  cancer.  On  the 
other  hand,  evidence  is  advanced  that  they  induce  a  set  of  phenomena 
which,  allowing  for  the  differences  between  the  higher  plants  and  ani¬ 
mals,  follow  a  strikingly  parallel  course.  No  broadly  inclusive  defini¬ 
tion  of  cancer  can  be  drawn  that  will  not,  along  with  the  human  and 
animal  neoplasms,  include  also  these  plant  tumors  as  true  cancers.” 

The  exact  nature  of  the  stimulus  involved  in  gall-formation  is 
not  known.  Some  workers  maintain  that  it  is  a  mechanical  stimulus ; 
others,  a  chemical  one.  Any  actively  growing  tissue  has  the  ability 
to  answer  the  gall-producing  stimulus,  it  is  thought,  making  use  of 
its  power  to  grow  by  growing  in  a  definite  direction.  The  mechanical 
irritation,  occasioned  by  oviposition,  will  not  produce  a  gall.  Take 
away  the  egg  and  the  gall  will  not  form.6  As  has  been  pointed  out, 
the  gall-producers’  influence  may  cause  decided  changes  in  the  affected 
part  of  the  host,  new  tissues,  glands,  hairs,  etc.,  appearing.  Cosens,3 
however,  points  out  that  these  supposedly  new  characteristics  may 
simply  be  dormant  and  latent  characteristics  residing  in  the  proto¬ 
plasm  of  the  host  and  brought  out  under  the  influence  of  the  stimulus. 
For  example,  glands  were  found  to  be  plentiful  in  the  gall  produced 
by  Neolasiostera  perfoliata  Felt  on  Eupatorium  perfoliatum  F.,  but 
were  not  found  at  the  same  location  in  the  normal  plant.  They  were 
finally  found  at  the  base  of  the  stem. 

Another  very  important  question  is  the  nature  of  the  role  played 
by  enzymatic  action  in  gall  formation.  To  cite  Cosens,3  “Concerning 
the  nature  of  this  powerful  stimulating  agent  there  is  at  present  a 
growing  tendency  to  ascribe  it  to  enzymatic  action.”  It  has  been 
brought  out  that  if  the  larvae  can  change  starch  into  sugar  through 
enzymatic  action,  then  the  sugar  would  not  only  be  available  to  the 
larvae,  but  also  to  the  gall  as  well.  The  cell  enlargement  and  multipli¬ 
cation  and  also  the  appearance  of  vestigial  structures  may  be  the  re¬ 
sponse  of  the  protoplasm  to  a  large  food  supply.  The  shape  of  the 
gall  is  partly  governed  by  the  direction  of  the  stimulus  and  the  loca¬ 
tion  of  the  egg  or  eggs. 
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To  summarize  briefly,  there  is  much  to  be  done  in  this  largely 
unknown  field  for  both  amateur  and  expert.  Among  other  things, 
there  are  life  histories  to  be  made  known,  gall  development  to  be 
studied,  changes  in  cell  contents  to  be  followed  and  the  production  of 
galls  artificially  under  known  and  controlled  laboratory  conditions  to 
be  accomplished  before  we  may  claim  that  we  have  mastered  the  prob¬ 
lem. 
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INTRODUCTION 

The  season  of  1926-1927  will  represent  the  sixth  successive 
series  of  these  Popular  Scientific  Lectures  by  members  of  the  Fac¬ 
ulty  of  the  Philadelphia  College  of  Pharmacy  and  Science. 

Each  year  sees  an  increase  in  the  number  of  persons  attending 
these  lectures,  and  the  list  of  subscribers  to  the  published  lectures 
likewise  is  enlarged  with  every  series.  It  is  confidently  believed 
that  the  programme  for  the  coming  season  is  of  such  a  nature  that 
it  cannot  help  but  meet  with  a  similar  degree  of  success. 

Last  year  it  was  deemed  wise  to  present  the  lectures  at  a  more 
accessible  location,  namely,  at  the  Central  Branch  Building  of  the 
Y.  M.  C.  A.,  1421  Arch  Street.  At  that  location,  however,  other 
conditions,  notably  seating  capacity  and  lecture  table  conveniences, 
were  not  quite  satisfactory,  and  the  lectures  will  be  delivered  this 
season  at  the  College  Building  at  145  North  Tenth  Street. 

The  new  series  will  cover  an  entirely  different  list  of  subjects 
from  those  included  in  any  of  the  previous  courses. 

As  has  been  customary  in  the  past,  the  lectures  will  be  appro¬ 
priately  illustrated  by  lantern  slides,  specimens,  etc. 

The  scientific  information  will  be  given  as  heretofore  in  a  form 
easily  comprehended  by  any  person  interested  in  science,  but  with 
no  sacrifice  of  scientific  accuracy  or  dependability. 

The  lectures,  as  will  be  seen  by  referring  to  the  enclosed  pro¬ 
gram,  are  in  no  sense  interdependent.  Each  lecture  is  complete  in 
itself,  and  you  are  cordially  invited  to  attend  any  one  or  the  entire 
series,  as  time,  inclination  or  interest  in  the  subjects  permits.  No 
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card  of  admission  or  formal  invitation  is  required.  You  may  come 
as  often  as  you  like  and  bring  as  many  friends  as  you  choose. 

We  shall  feel  repaid  in  proportion  to  the  interest  that  is  dis¬ 
played  by  those  who  take  the  opportunity  to  attend. 

These  lectures  will  be  broadcast  from  Station  WFI,  the  Straw- 
bridge  &  Clothier  Company  of  Philadelphia,  on  the  Monday  follow¬ 
ing  each  lecture,  at  3  P.  M. 


Free  Public  Lecture  Course  on  Scientific  Subjects,  Popularly 

Presented 


THE  LECTURES  WILL  BEGIN  at  8.15  P.  M.,  and  END  by  9.30  P.  M. 
First  Lecture  Thursday  Evening,  October  7,  1926 

PAPER 

By  Henry  Leffmann,  A.  M.,  M.  D. 

Lecturer  on  Research,  Philadelphia  College  of  Pharmacy  and  Science; 

Hon.  Professor  of  Chemistry,  Wagner  Free  Institute  of 

Science,  etc. 

Printing  has  been  called  the  “art  preservative  of  all  arts.”  De 
Quincy  says  that  the  lateness  of  the  invention  is  due  in  the  main  to 
a  lack  of  material  suitable  for  use  with  type.  Paper  seems  to  have 
been  first  made  by  the  Chinese.  It  was  introduced  into  Europe  about 
the  middle  of  the  twelfth  century.  At  first  it  was  made  from  rags, 
but  at  present  wood  is  the  main  source  and  much  of  the  cheaper 
grade  is  finely  ground  wood  held  together  by  a  small  amount  of  true 
pulp.  The  history  of  paper  and  the  methods  of  manufacture  will  be 
illustrated  in  the  lecture. 


Second  Lecture  Thursday  Evening,  October  21,  1926 

EPIDEMICS — MAN’S  MOST  DEADLY  ENEMY! 

By  Louis  Gershenfeld,  Ph.  M.,  B.  Sc.,  P.  D. 

Professor  of  Bacteriology  and  Hygiene,  Philadelphia  College  of 

Pharmacy  and  Science 

In  various  parts  of  the  world  people  live  in  continual  dread  of 
tragedies  caused  by  epidemics. 
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It  is  not  becoming  that  we  should  assume  such  an  attitude,  nor 
should  we  necessarily  look  at  the  situation  with  only  helplessness  and 
fatalism. 

There  is  necessary,  however,  a  greater  willingness  on  the  part 
of  the  public  to  accept  responsibilities  and  to  aid  in  wiping  out  the 
sources  of  these  calamities. 

It  is  the  duty  of  every  one  to  become  familiar  with  the  weapons 
employed  by  modern  sanitary  science  to  combat  epidemics  of  all  kinds. 


Third  Lecture  Thursday  Evening,  November  4,  1926 

WHAT  SHALL  WE  WEAR? 

By  Prof.  Freeman  P.  Stroup,  Ph.  M. 

Professor  of  Chemistry,  Philadelphia  College  of  Pharmacy  and  Science 

Despite  the  Biblical  injunction  which  tells  us  not  to  worry  about 
these  things,  people  are  more  or  less  concerned  with  the  questions, 
“What  shall  we  eat,  what  shall  we  drink,  and  how  and  with  what 
shall  we  be  clothed?”  The  first  two  have  been  discussed  in  pre¬ 
vious  lectures,  and  it  is  our  intention  now  to  discuss  the  last. 

No  attempt  will  be  made  to  suggest  either  how  much  or  how 
little  material  is  needed  to  properly  clothe  the  “female  (or  male) 
of  the  species,”  nor  how  it  shall  be  put  together.  Opinions  on  these 
matters  differ  so  much  and  change  so  frequently  that  there  is  apt  to 
be  a  radical  change  between  the  time  the  lecture  is  written  and  the 
time  it  is  delivered,  and  again  before  it  shall  have  had  time  to  appear 
in  print. 

Silk,  artificial  silk,  cotton,  linen  and  wool  are  the  fibers  which 
are  most  largely  used  in  the  making  of  fabrics  for  clothing  men  and 
women.  These  vary  very  much  in  some  of  their  properties,  their  dur¬ 
ability,  their  behavior  toward  dyes,  etc.  Simple  methods  for  differ¬ 
entiating  between  them  should  be  of  interest  to  most  people.  How 
they  are  prepared  for  use  will  interest  others.  These  and  other 
things  will  be  considered  in  the  lecture.  Lantern  slides,  fibers  and 
fabrics,  and  lecture  table  demonstrations,  will  be  used  by  way  of  illus¬ 
tration. 
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Fourth  Lecture  Thursday  Evening,  November  18,  1926 

9 

THE  STORY  OF  BURNT  CLAY 

By  J.  W.  Sturmer,  Ph.  M.,  Phar.  D. 

Dean  of  Science,  Philadelphia  College  of  Pharmacy  and  Science 

Ancient  pottery-bricks,  tiles ;  modern  manufacturing  processes 
for  earthenware,  stoneware,  china,  porcelain  and  other  ceramic  prod¬ 
ucts. 

Specimens  will  be  exhibited  and  there  will  be  lantern  slides. 


Fifth  Lecture  Thursday  Evening,  December  2,  1926 

SAND— FROM  MOUNTAIN  TO  SEASHORE 
By  Edward  J.  Hughes,  P.  D. 

Assistant  Professor  of  Chemistry,  Philadelphia  College  of  Pharmacy 

and  Science 

Sand  is  produced  by  the  weathering  of  feldspar  and  other  rocks 
in  the  earth’s  crust.  Chemically  it  is  related  to  quartz,  agate  and 
certain  beautiful  gems. 

Ever  since  the  dawn  of  recorded  history  sand  has  been  vitally 
concerned  with  the  progress  of  mankind. 

Whether  it  be  in  the  pleasures  of  the  seacoast,  the  perils  of  the 
desert  or  in  the  heart  of  the  busy  city,  sand  and  its  products  may  be 
found  everywhere. 

Many  interesting  phases  of  sand  will  be  discussed  in  the  lecture, 
which  will  be  illustrated  with  experiments,  lantern  slides  and  speci¬ 
mens. 


Sixth  Lecture  Thursday  Evening,  December  16,  1926 

DUST 

By  Paul  Q.  Card,  B.  Sc. 

Dusty  roads,  cosmic  dust,  occupational  dusts  and  sea  dust  con¬ 
tribute  much  towards  our  progress  and  health.  Dust  is  not  only  in 
the  center  of  industry,  but  upon  examination  we  find  it  surrounding 
nearly  all  industrial  enterprises.  Through  it  the  dusty  miller’s  occu- 
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pation  becomes  hazardous.  The  enormous  energy  released  during  a 
thunder  storm,  beautiful  sunsets,  and  the  life  of  plants  that  “live”  on 
air,  are  under  the  control  of  dust.  Fortunes  have  been  made  and  lost 
in  dealing  with  it.  Nations  have  turned  to  it  for  help  in  time  of 
war.  Smoky  cities  have  regained  their  natural  beauty  by  electrical 
precipitation  of  the  suspended  soot.  The  lecture  will  be  illustrated 
with  lantern  slides  and  lecture  table  demonstrations. 


Seventh  Lecture  Thursday  Evening,  January  6,  1927 

COLLOIDS 

By  David  Wilbur  Horn,  Ph.  D. 

Professor  of  Physics  and  Physical  Chemistry,  Philadelphia  College  of 
Pharmacy  and  Science,  Professor  of  Inorganic  Chemistry, 

Wagner  Free  Institute  of  Science 

The  most  familiar  mass  of  colloids  is  the  human  body.  Unless 
its  colloidal  character  is  properly  respected,  disaster  follows.  The 
protein  of  the  cell — which  seems  to  carry  on  the  spark  of  physical 
immortality — is  colloidal. 

Simple  properties  of  colloids  will  be  demonstrated  on  the  lec¬ 
ture  table.  Applications  of  colloids  will  be  discussed. 


Eighth  Lecture  Thursday  Evening,  January  20,  1927 

THE  ROMANCE  OF  THE  OCCULT  IN  SCIENCE 

By  Charles  H.  LaWall,  Ph.  M.,  Sc.  D. 

Chemist  to  Food  Bureau,  Pennsylvania  Department  of  Agriculture;  Dean 
of  Pharmacy,  Philadelphia  College  of  Pharmacy  and  Science 

Magic,  white  and  black,  has  played  an  important  part  in  the 
history  of  the  world. 

Superstition  and  credulity  have  not  yet  been  entirely  displaced 
by  scientific  knowledge. 

The  Seal  of  Solomon,  or  the  pentagram,  is  still  to  be  found  as 
a  protective  symbol  on  the  gable  ends  of  some  Pennsylvania  barns. 
The  nymphs  and  undines,  gnomes  and  elves,  sylphs  and  salaman- 
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ders  of  the  days  of  Paracelsus,  and  the  elementals  of  the  Rosicrucians 
are  not  without  their  present-day  believers. 

What  did  Saul  learn  from  the  Witch  of  Endor?  Did  John  Dee 
show  Queen  Elizabeth  the  impending  fate  of  the  Spanish  Armada  in 
his  famous  crystal  ball? 

The  trail  begins  at  that  far  away  period  when  most  people 
doubted  nothing,  and  leads  down  to  the  present,  when  some  people 
believe  everything. 

The  lecture  will  not  be  illustrated  with  specimens. 


Ninth  Lecture  Thursday  Evening,  February  3,  1927 

“MY  LADY  NICOTINE” 

By  Ivor  Griffith,  Ph.  M.,  P.  D. 

Assistant  Professor  of  Pharmacy,  Philadelphia  College  of  Pharmacy 
and  Science;  Professor  of  Organic  Chemistry,  Wagner  Free 
Institute  of  Science,  Philadelphia 

Tobacco — the  “pernicious  tawny  weed,”  was  publicly  advertised 
by  King  James  I  of  England  as  “a  branch  of  the  sin  of  drunken¬ 
ness.”  By  royal  edict  it  was  banned  from  merrie  England.  There¬ 
upon  its  popularity  increased.  Poets  of  all  ages  have  sung  its  praises. 
Byron  called  it  “the  sublime  tobacco,”  and  the  melancholy  Burton 
“divine  and  rare,  a  sovereign  remedy  for  all  diseases.” 

The  lecture  will  cover  the  origin,  history,  uses  and  abuses  of  the 
drug  and,  having  had  the  opinions  of  kings  and  poets,  an  effort  will 
be  made  to  present  a  sensible  compilation  of  medical  and  chemical 
opinions  concerning  its  vices  and  virtues. 

The  lecture  will  be  illustrated  with  experiments  and  lantern 
slides. 


Tenth  Lecture  Thursday  Evening,  February  17,  1927 


EPOCHS  AND  EPOCH-MAKERS  OF  MEDICINE 
By  Horatio  C.  Wood,  Jr.,  M.  D. 

Professor  of  Materia  Medica,  Philadelphia  College  of  Pharmacy 

and  Science 


The  progress  of  science  is  not  a  constant  advance,  but  is  marked 
by  intermittent  rapid  developments  due  to  great  discoveries.  This 
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lecture  will  describe  some  of  the  more  notable  epochs  in  medicine  with 
an  account  of  those  chiefly  responsible  for,  and  the  circumstances 
leading  to,  these  critical  discoveries. 


Eleventh  Lecture  Thursday  Evening,  March  3,  1927 

WHY  THE  WEATHER? 

By  George  Rosengarten,  Ph.  D. 

Instructor  in  Physics,  Philadelphia  College  of  Pharmacy  and  Science 

Will  it  rain  tomorrow?  Probably  it  will  be  fair.  This  is  a  com¬ 
mon  topic  of  conversation  and  a  more  accurate  knowdedge  of  the 
facts  pertaining  to  the  prediction  of  the  weather  will  enable  one  to 
appreciate  the  difficulties  of  the  weather  man. 

The  apparatus  and  methods  used  in  determining  the  weather,  as 
well  as  many  of  the  phenomena  that  accompany  the  ever-changing 
conditions,  will  be  explained  by  the  lecturer. 

The  production  of  the  Rainbow,  the  Northern  Lights  and  the 
character  of  the  lightning  have  always  been  a  matter  of  interest.  The 
importance  of  the  wind  and  the  rain  to  our  struggle  for  existence 
or  to  navigation  on  the  water  and  in  the  air,  will  be  among  the  many 
interesting  problems  that  will  be  considered. 

The  lecture  will  be  illustrated  with  lantern  slides. 


Twelfth  Lecture  Thursday  Evening,  March  17,  1927 

HORMONES— MYSTERIOUS  AGENTS  OF  VITAL  LIFE 

FUNCTIONS 

By  Arno  Viehoever,  Ph.  D. 

Professor  of  Biology  and  Pharmacognosy  and  Director  of  the  Botanical 
Gardens,  Philadelphia  College  of  Pharmacy  and  Science 

The  discussion  will  comprise  the  work  of  peculiar  chemical 
messengers,  stimulating,  even  though  only  infinitesimal  traces  be 
present,  the  living  apparatus  of  both  plants  and  animals — affecting 
their  growth,  vitality  and  maturity. 

The  lecture  will  be  illustrated  with  experiments  and  lantern 
slides. 
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Thirteenth  Lecture  Thursday  Evening,  March  31,  1927 

MOSSES  AND  THEIR  MESSAGE 
By  Marin  S.  Dunn,  Ph.  D. 

Assistant  Professor  of  Botany,  Philadelphia  College  of  Pharmacy 

and  Science 

Very  little  is  actually  known  concerning  this  extremely  interest¬ 
ing  and  well  recognized  plant  division.  That  is  no  doubt  the  reason 
why  not  one  member  of  this  group  is  so  important  to  medicine  as  to 
entitle  it  to  a  place  in  the  book  of  medicinal  standards,  the  Phar¬ 
macopoeia. 

The  lecturer  will  discuss  the  following  topics:  (i)  methods  of 
classification,  (2)  distribution,  (3)  general  structure,  (4)  typical 
life  histories,  (5)  uses,  (6)  possibilities  of  the  group. 

The  lecture  will  be  illustrated  by  charts,  specimens  and  lantern 
slides. 
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